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ABSTRACT
PREDICTION OF NEUTRON INDUCED ACTIVATION
VOLUME I - NAP CODE MANUAL

An IBM 7094 computer program was written
for the prediction of neutron induced activation.
This report describes the preparation of input
data and the interpretation of output data. Flow
charts for the main program and each subroutine are
given, as is a complete program listing in Fortran

IV, A sample problem is also presented.

iv



v—— — e ——— ~———

TABLE OF CONTENTS

ABSTRACT
I. INTRODUCTION
II. GENERAL DESCRIPTION OF THE NAP CODE

ITII.
IV,

VI.
VII.
VIII.

A, Calculation of Neutron Flux

B. Calculation of Radioisotopic Atom
Densities

C. Calculation of Gamma Ray Source
Strengths

D, Calculation of Gamma Ray Dose Rate
and Dose

INPUT DATA PREPARATION
OPERATING INSTRUCTIONS
OUTPUT DATA

FLOW CHARTS

PROGRAM LISTING

SAMPLE PROBLEM

Page

iv

18

24

25
26
55
56
58
115
175



Table

II
III
IV

VI

VII
VIII

Figure

LIST OF TABLES AND FIGURES

NAP Library Energy Group Structure
Values of Discrete Ordinates

Effect of IFLX Option

Effect of IWT Option

Identification of Cross Section Type
NAP Program Options

NAP Input Dictionary

Input Data Format Summary

Block Diagram of NAP Program

Approximation of Neutron Flux Time
Dependence

Spatial Dependence of Neutron Flux

Example of Anisotropic Flux

vi

Page
12
16
30
31
44
48
50
53

11
17
37



I. INTRODUCTION

A computer program for the prediction of neutron induced
gamma ray radioactiVity was required for use in the design
of facilities for developing a nuclear space vehicle. Neutron
induced activation calculations are required not only in the
selection of structural materials for such a facility, but
also for the scheduling of the static tests and the mainten-
ance and repair of equipment, once the facility is constructed.
A neutron induced activation computer program could also be
utilized to determine the gamma ray activity of reactor cool-
ants, or any other material exposed to a neutron flux. The
analysis of foil activation data for the determination of
neutron energy spectra, and other activation analyses, could
be assisted by a neutron activation computer program.
The objectives of the research program reported here were:
1. The development of a flexible and comprehensive
analytical method for computing neutron induced
activation, providing for items such as:
a. Inclusion of at least (n,v), (n,p), (n,a),
and (n,2n) reactions which result in radio-
nuclei for all stable and long-lived meta-
stable isotopes.
b. Consideration of at least first-generation
daughter radioisotopes.
c. Variation of the neutron energy spectrum,
not necessarily limited to fission spectra.

d. Consideration of non-uniform cyclic irradiation.
e. Consideration of self-shielding.
f. Determination of radiation dose rates from

activated materials for a variety of geometric
conditions, at least by use of one or more of
the commonly used radiation shielding or reactor
computer codes.



g. Adaption for primary, charged particle
induced reactions.
2, The programming of the analytical method for use
on a digital computer.
3. The validation of the analytical method through an
experimental program.

Computer programs developed previously throughout industry
for calculating neutron induced activation were generally
limited to a relatively few neutron reactions by lack of
data, or were restricted in utility by failure to incorporate
one or more of the critical items listed above.

This volume of the final report constitutes a manual
for the use of the NAP (Neutron Activation Prediction)
computer program. The NAP program is a FORTRAN-IV IBM-7094
computer program which computes neutron induced activation
gamma ray source strengths as a function of time, space, and
energy given an incident neutron flux and region material
compositions. Simplified dose and dose rate calculations,
which do not account for gamma ray attenuation or buildup, are
also performed by the program. More accurate dose rate
calculations may be performed by utilizing results obtained
from the NAP code as input data for any of the more popular
gamma ray shielding computer codes. All the critical items
listed in the previous paragraph are treated adequately by
the NAP program. This code manual consists of a general
description of the NAP code, instructions for preparing input
and interpreting output, operating instructions, flow charts,
and a complete program listing.

The experimental validation of the NAP computer program
is discussed in Volume II of this final report series.,
Volume II also describes in detail those portions of the
NAP code which required extensive physical analysis. The
description in Volume II emphasizes the theoretical aspects
and the experimental validation of the program, rather than the



programming aspects which are emphasized in this volume. A
description and listing of the NAP Cross Section Library

is given in Volume III of this series. A similar description
and listing of the NAP Gamma Radiation Library is given in
Volume 1V,



IT. GENERAL DESCRIPTION OF THE NAP CODE

The NAP (Neutron Activation Prediction) computer program
is a comprehensive and flexible tool for the computation of
neutron induced activation gamma ray source strengths. A
simplified method, ignoring gamma ray attenuation and buildup,
is provided for the calculation of gamma ray dose and dose
rate due to these activation sources. The source strengths
may also be utilized as input data for any of the more popular
gamma ray shielding codes to provide more sophisticated
shielding calculations. The NAP code may be used to provide
activation calculations for structural materials, reactor
coolants, or any material exposed to a neutron flux. The NAP
code may also be used as an analytical tool in the interpreta-
tion of activation data, such as that obtained in attempting
to measure neutron flux spectra or isotopic composition,

The basic logical flow during execution of a typical
NAP problem is shown in Figure 1. Only the most important
phases of a NAP calculation are depicted. Input data are
indicated in abreviated form by the oval boxes on the left
hand side of the figure, output data on the right hand side.

The typical NAP program operation commences by reading
in the neutron energy flux spectrum in terms of the number of
neutrons per square centimeter per second incident upon the
activated material, or some other specified spatial region,
having energies within various neutron energy bands or groups,
whose selection is specified by the program user. Angular
incident neutron flux information may also be presented. The
energy bands or groups into which the discrete gamma ray
energies are to be sorted are also specified by the program
user, If the NAP program is to calculate neutron flux
distributions within the activated material regions, or other
regions, various neutron cross sections must be provided by
energy groups and reglons, along with geometrical data. If
requested by the problem originator, the NAP program then
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computes the neutron flux distribution as a function of
neutron energy group and spatial position within the various
regions specified by the program user. This neutron self-
shielding calculation is performed in one-dimensional slab or
spherical geometry. The basic result of this computation is
the spatially-averaged neutron flux in each neutron energy
group and each spatial region.

The time-dependence of the incident neutron flux is
accounted for by reading in the power levels for a series of
time increments. The energy group and region dependent flux
values are multiplied by the power level to obtain fluxes
which rise or fall at specific times. The different time
values at which gamma source strengths are desired must also
be supplied to the NAP program, in addition to those time
values which form integration end points for the computation
of gamma ray dose, i.e., the gamma ray dose rate integrated
over a given time interval.

The NAP calculation now proceeds region by region. A
region is defined as that spatial volume throughout which the
neutron flux is treated as spatially constant and which has
a uniform, homogeneous material composition at zero time.
Because the neutron flux is regarded as spatially constant in
each region, the gamma source strength is also treated as
spatially constant in each region. Starting with the first
region, the isotopic (or elemental) atom densities initially
present are read into the program. Using the first isotope
whose initial atom density has been supplied as a target
nucleus, the NAP program discovers the identity of the isotope
resulting from (n, y) reactions. The rate at which the
residual nucleus is produced is computed, and the NAP Gamma
Radiation Library is searched to discover the identity of the
daughter isotope resulting from radioactive decay of the rea-
ction product nucleus. If the daughter decays, the gamma
library 1s searched for the identity of the second-generation



daughter, etc. This process continues through four generations
of decay, or until a stable daughter isotope is found.

Having established a specific decay chain, the NAP
program computes and prints out the atom density of each chain
member at each of the specific times supplied previously to the
program. This is followed by a computation of the emission
rate of gamma rays, grouped according to the previously selected
gamma ray energy bands, from each of the chain members at each
time value. These gamma source strengths are also printed out
by the program. At each time value, the gamma ray emission
rate is converted to a gamma ray dose rate, using the average
gamma ray energies of the selected energy bands and the source-
detector distance. These dose rates are printed out, and are
integrated over time to provide gamma ray dose values. Finally,
these dose values are printed out.

The NAP program now returns to the reaction product
nucleus to discover if another decay chain exists. If so, the
process described briefly above is repeated. Having exhausted
the possibilities of decay following the (n, y) reaction, the
NAP program returns to the isotope originally present in the
region. Now the (n, p) reaction is followed through in the
manner described above. The process is repeated for the
(n, a) and then the (n, 2n) reaction. After all these reaction
possibilities and the subsequent decay chains have been
investigated, the NAP program considers the second isotope
originally present in the region. Using the second isotope as
a base, the entire calculation described above is repeated.
This process is continued until all the isotopes originally
present have been used as a base for the calculation. At this
point, the NAP program proceeds to the second region, and the
computation begins anew.

This brief description of a typical NAP problem shows
that the problem may be conceptually divided into four main
sub-calculations. These are calculations of:



1. Neutron flux as a function of space, time, and energy,
2, 1Isotopic atom densities as functions of space and
time,
3. Gamma ray source strengths as functions of space,
time, and energy,
4. Gamma ray dose and dose rate as functions of time
for a single detector position.
The following sections A through D discusses each of the
calculations in greater detail.
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A, Calculation of Neutron Flux

The major protion of the neutron flux calculation is
optional and consists of a multigroup discrete ordinate
transport calculation. It should be performed if significant
spatial variations of the flux are anticipated in the regions
for which the gamma ray source strengths are desired, or in
the regions between the position where the flux is known and
the positions where the source strengths will be calculated.

In any case, an incident neutron flux must be specified.
The neutron energy range of interest is divided into contiguous
neutron energy groups such that the upper and lower energy
limits of energy group g are Eg-l and Eg’ respectively. If
X is the position where the incident flux is given, then the
flux as a function of time and energy is taken as

B(t,E,x,) = P(E)FP,(x.)

where P(t) is a time-dependent reactor power level, F is an
arbitrary normalization factor, and @ is the flux in energy
group g. The incident flux is thus completely specified by
giving the power level as a function of time, the flux nor-
malization factor, the incident flux in each energy group,
and the group energy limits.

The time dependence of the flux is contained in the
"power level" P(t), which is simply a dimensionless flux
intensity normalization factor. The entire time span of
interest is divided into as many as 50 time periods, each of
arbitrary length. The factor P(t) must be given for each
time period, and is assumed constant throughout the duration
of each time period., An arbitrary time-dependent flux is thus
approximated by a series of power levels, each of arbitrary
time duration but having a constant magnitude throughout the
duration of each time period. For example, a known time
dependence of the incident flux might be approximated by



P(t) as shown in Figure 2. Non-cyclic irradiations are
handled easily in this framework,

The time-independent flux spectrum is specified by
giving the group fluxes ¢g and the energy limits E_. A
maximum of 43 energy groups is permitted. The group fluxes
may be input in any one of three forms, where:

1, ¢g is the average flux per unit lethargy in

energy group g,

2, ¢g is the average flux per unit energy in energy

group g,
3. ¢g is the integral of @(E) over energy from Eg

to Eg-l'
The input group energy limits are adjusted by the NAP program,
if they are not consistent with the group energy limits used
in the NAP Cross Section Library, which are listed in Table I.
Similarly, input group fluxes ¢g are adjusted to be consistent
with the library energy limits. A simple check calculation is
automatically performed to insure that the total flux is
invariant to this energy limit and group flux adjustment,.
Thus, in many cases, the group energy limits and group fluxes
appearing on the output will be equivalent but not identical
to those supplied as input by the problem originator.

If desired, this group adjustment procedure can be
bypassed by appropriate selection of an input parameter.
The program user must then insure that the input group fluxes
are consistent either with the NAP Cross Section Library
or with cross sections supplied by the user., In any case,
the quantity P(t)F ¢g Gg integrated over energy, where 6
is a group g cross section supplied by the NAP library or
by the user, must have dimensions of neutron-barn/cmz-sec.

10
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Table 1
NAP LIBRARY ENERGY GROUP STRUCTURE

Group Number Lower Energy Limit Lower Lethargy Limit
0 21.17 MeV -0.75
1 16.49 MeV -0.50
2 12.84 MeV -0.25
3 10.00 MeV 0.00
4 7.788 MeV 0.25
5 6.065 MeV 0.50
6 4.724 MeV 0.75
7 3.679 MeV 1.00
8 2,865 MeV 1.25
9 2.231 MeV 1.50

10 1.738 MeV 1.75
11 1.353 MeV 2.00
12 1.054 MeV 2.25
13 820.8 keV 2.50
14 497.9 keV 3.00
15 302.0 keV 3.50
16 183.2 keV 4,00
17 111.1 keV 4.50
18 67.38 keV 5.00
19 40.87 keV 5.50
20 24,79 keV 6.00
21 15.03 keV 6.50
22 9.119 keV 7.00
23 5.531 keV 7.50
24 3.355 keV 8.00
25 2.035 keV 8.50
26 1.234 keV 9.00
27 748.5 eV 9.50
28 454.0 eV 10.00
29 275.4 eV 10.50
30 167.0 eV 11.00
31 101.3 eV 11.50
32 6l.44 eV 12.00
33 37.24 eV 12.50
34 22.60 eV 13.00
35 13.71 eV 13.50
36 8.315 eV 14,00
37 5.043 eV 14.50
38 3.059 eV 15.00
39 1.855 eV 15.50
40 1.125 eV 16.00
41 0.6826 eV 16.50
42 0.4140 eV 17.00
43 0.0010 ev 23.03

12



Spatial variation of the neutron flux is provided by
the problem originator or by the neutron transport sub-
routines of the NAP program. After specifying the incident
neutron flux at the position X, Or in the first spatial
region, the program user may

1. stipulate that the group fluxes are spatially-
independent,

2, supply spatially-dependent group fluxes as
input, or

3. utilize the NAP neutron transport subroutines
to provide spatially-dependent group fluxes.

The NAP neutron transport calculation is based on the
discrete ordinate method in one-dimensional slab or spherical
geometry. In the absence of internal neutron sources, the
monoenergetic steady-state Boltzmann transport equation
may be written

aw'gx,uz 1 1 1
wo=s + U0 =5 2 Y(x,u')du
-1
where plane geometry and isotropic scattering have been
assumed. Here V¥(x,u) is the monoenergetic neutron flux
at x traveling in the direction cos'lu with respect to the

positive x-axis, and 2_ and ZS are the total and scattering

t
cross sections, respectively, both being step functions of
position. 1In the discrete ordinate method, the integral

in the equation above is approximated by a numerical integra-

tion formula of the type:

1 N
Y(x,u")du' = 2 a, Vv(x,u;)
/1 j=1 J J

1Davison, B.: Neutron Transport Theory. Oxford University
Press, 1957.
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where the discrete ordinates uj and the weights a. are given
by the integration formula used, and are independent of the
integrand. The transport equation need then be solved only
for w equal to each of the uj. That is, the transport
equation is replaced by the system of N differential equations

2Y(xX,1.,) 1 ZN:
M ————-"—ax + 2 W(x,uj) = 37 I <y ay v (x,uy)

The technique is easily extended in the multigroup
formalism, The equations solved by the NAP neutron transport
subroutine are, in slab geometry,

N

d t 1
OF - SEAUNCHRES LD IR REI™

1 >
t7 Zg-l,g =1 akag-l(x’“k)

where ¢g(x,ujz is the neutron flux at x traveling %n the
direction cos uj with energy in energy group g, Zg is the
total cross section for energy group g, and zh,g is the
scattering cross section for transfer from energy group h
into energy group g. Similar, but more complicated equations,
are solved for problems in spherical geometry. One of the
restrictions of the current transport subroutine is that
neutron slowing-down is assumed to be from one energy group
only to the adjacent energy group of lower energy. These
equations are solved by an iterative procedure,

The boundary conditions used in the NAP transport sub-
routine are that the incident flux is specified at the left-
most, or first, value of x andjthat there is no return current
(vacuum boundary condition) at the right-most, or largest
value of x. That is,

14



Bg(xyty)
B (xpsHy) = 0 for all u, < 0

given for all g and uj >0

As many as 20 slab or spherical shell regions, of
different materials, may be used in the NAP neutron transport
subroutine. A maximum of ten ordinates may be used to
describe the angular dependence of the flux, and 43 neutron
energy groups may be used. Either Legendre-Gauss or Lobatto
quadrature is available, The appropriate ordinates, i.e.
values of cos O where® is the angle between the neutron
velocity and the normal to the surface, are given in Table II,
The program user must specify the forward components of each
group flux at the left-most surface. A maximum of 100 spatial
mesh points may be used in the problem. Figure 3 illustrates
a one-group, two-region problem using eleven mesh points.
Macroscopic total, scattering, and group transfer cross sections
must be supplied for each energy group and each region,
Isotropic scattering is assumed and group transfer is permitted
from group g to g+l only, i.e. only down-scatter is permitted
to the next lower energy group. The convergence criterion
€ i1s supplied by the problem originator. Convergence is
assumed when, for each energy group, the fractional change
in the flux at the right-most spatial point is less than ¢
between iterations., The flux in each group is then spatially
averaged in each region for later use in computing activation,
Further details of the physics aspects of the NAP neutron
transport subroutines are given in Volume II of this report
series,

In summary, the incident neutron flux must be specified
by the program user. The time-dependence is contained in
the power level factors P(t), the energy-dependence is
contained in the group fluxes ¢g’ and the spatial-dependence
is either specified as input data or computed by the NAP
program in one-dimensional slab or spherical geometry,

15



Table II

VALUES OF DISCRETE ORDINATES

Number of Value of Ordinate (cos 0)
Ordinates Legendre-Gauss Lobatto

2

1+

0.5773503 S

4 0.3399810

0.8611363

0.447214
1.0

1+
4

1+
1+

()
14

0.2386192
0.6612094
0.9324695

4

0.285232
0.765055

1+
1+

1.0

1+
+

0.1834346
0.5255324
0.7966665
0.9602899

oo
1+ 4+ 14

1+

10

1+

0.1488743 —
0.4333954
0.6794097
0.8650634
0.9739065

1+ 14+ 14

1
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B. Calculation of Radioisotopic Atom Densities

The neutron produced radioisotopic atom densities are
computed as a function of time in each region, region by
region. A maximum of 20 regions may be used. The initial
isotopic or elemental atom densities in each region must be
provided as input data. If elemental densities are specified,
the isotopic composition is assumed to be that of the
naturally occuring element. A maximum of 20 initial isotopes
may be utilized in each region. The geometry of each region
is arbitrary, but the neutron flux is taken as spatially
constant in each region.

Each time period for which the power level is constant
is divided into a set of equal time intervals. The total
number of time intervals summed over the time periods is
limited to 199. That is, the isotopic atom densities in each
region may be computed at 200 different times, including the
initial time. The time periods and time intervals are taken
identically in each spatial region.

In each region, each initially present isotope is
examined for possible (n,y), (n,p), (n,a), and (n,2n) reactions
ending with a ground state or an isomeric state. Only one
ground state and one isomeric state is permitted for each
isotope. Each isotope initially present leads to the possible
production of eight new ''isotopes.'" Four of these result
from (n,x) reactions, where x is v, p, a, or 2n, leading to
a ground state; the other four result from (n,x) reactions
leading to an isomeric state. The labeling of the (n,x)
reaction cross section contained in the NAP Cross Section
Library, or in the cross section set supplied by the program
user, indicates whether the cross section of the (n,x) reaction
is to be associated with a ground state product or an isomeric
state product, If no tabulated cross section for the (n,x)
reaction is found by the NAP program, the code will either

18



set the cross section equal to zero or will calculate the cross
section as indicated in the input options by the problem
originator. This cross section calculation will be described
briefly below, and applies only in the case of reactions

leading to ground state products. If no cross section is

found for reactions leading to an isomeric state, the cross
section is automatically taken as zero. In addition, the

cross sections for (n,y) reactions are corrected to account

for resonance self-shielding. This correction is also
discussed below.

The members of each radioisotope decay chain are determined
by searching the NAP Gamma Radiation Library for the appropriaté
isotopes and their mode of decay. If an isotope is not found
listed in the library, it is regarded as stable and the chain
is terminated. It may be noted that if the decay of a radio-
active isotope can in no way lead to photon emission, the
isotope may be regarded as stable without error in computing
gamma ray source strengths. The NAP Gamma Radiation Library
was constructed to be as complete as possible and contains
decay data for over 800 isotopes. A complete listing of the
library is given in Volume IV of this report series. The
maximum length of each chain is five members, including the
isotope originally present, The formulation of the chain is
discussed further in Volume II.

Having formulated a decay chain, the NAP program computes
the atom density of each chain member at each time step,

i.e., at the end of each time interval. For example, at the
time t + At, where the atom densities are known at the time
t and At is the duration of the next time interval,

nl(t + At) nl(t)exp(QlAt)

|
3
N
~
ct
v
o
tat
o
~
]
Vo]
N
>
(a3
N
+
N~
i
.—l
[

n2(t + At) =
[exp(-Q;at)-exp(-QyAt)]

where ny is the atom density of chain member i, Qi is the loss
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rate, and Sj is the production rate due to chain member j.
The Q and S pertaining to the isotope initially present are

Q

P(AC)F [ 0, og dE

S

X
1 P(at)F [ ¢g og dE

where P(At) is the power level during the time interval At,

F is the flux normalization factor, Qg is the neutron flux for
energy group g and the appropriate spatial region, o> is the

cross section for neutron energy group g and reaction (n,x),

and cg is the sum of o> over all X, X being v, p,a, or 2n.

The loss and production rates for the remaining members of the
chain involve only decay rates and branching ratios. The
expressions for the atom densities of the other chain members

are similar to those quoted above. Further discussion is provided
in Volume II of this report series.

The reaction rate per nucleus, i.e., the quantity ¢g0g
integrated over energy, is computed by one of the NAP
subroutines. The total reaction rate is simply the sum of the
partial rates. Neutron reactions for other than the first chain
member are ignored. The microscopic group cross sections are
tabulated in the NAP Cross Section Library, or they may be sup-
plied by the problem originator. The library cross sections
are tabulated for 43 neutron energy groups using the energy
structure given in Table I. A complete library listing is given
in Volume III of this report series.

Because the program user will frequently desire to use
less than 43 neutron energy groups, the program will collapse
the 43 group cross section set to produce a cross section set
desired by the user. The 43 group cross sections are
collapsed by assuming one of the following flux spectra:

1. constant flux per unit energy

2, constant flux per unit lethargy

3. fission spectrum above 183 keV, constant flux per

unit lethargy below 183 keV.

20



That is, if the problem originator specifies less than 43
neutron energy groups and also selects use of the NAP Cross
Section Library, narrow group library cross sections are
weighted with one of the above spectra to produce broad group
cross sections consistent with the problem originator's given
group structure.

The library cross sections for the 43rd group are multi-
plied by a thermal averaging parameter and a non-1/v factor,
if given for the isotope of interest. A maximum of ten
isotopic non-1/v factors may be specified in a NAP problem.
The group 43 library cross section is the 2200 m/sec value of
the cross section. The thermal averaging parameter is that
factor such that the 2200 m/sec value of the cross section
multiplied by the thermal averaging parameter would yield
the value of the thermal cross section averaged over the
thermal neutron flux spectrum thought to be appropriate to the
problem, if the cross section had a 1/v neutron energy depend-
ence. The thermal averaging parameter is regarded as spatially
independent, and is applied to all isotopic cross sections.

Because of the possibility of appreciable spatial and
energy self-shielding in large (n,y) resonances, effective
(n,y) cross sections are computed automatically if resonance
parameters for the isotope of interest are found in the cross
section library, or in the cross section set supplied by the
program user. Resonance self-shielding is accounted for by
computation of effective resonance integrals for as many as
nine resolved resonances for each isotope. Effective reson-
ance integrals are computed using either the NR or NRIA
approximation2 and the rational approximation for the escape
probability. Further details of the physical model utilized
by the NAP program in the computation of effective resonance
integrals are given in Volume II of this report series,

2Dresner, L.: Resonance Absorption in Nuclear Reactors.
Pergamon Press, 1960.
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In an effort to make the NAP program as comprehensive
as feasible, cross section calculations are provided for use
when any of the required cross sections are poorly known. By
appropriate choice of input control parameters, the NAP
program will compute any (n,v),(n,p),(n,a), or (n,2n) reaction
cross sections for ground state product nuclei, if the
required cross section is not found by the program in either
the library or in the cross section set supplied by the
program user. If desired, computed cross sections can be used
in place of the library cross sections. The thermal (n,vy)
cross sections are crudely estimated from known systematics
in measured thermal (n,y) cross sections and least squares
fits to the measured data. Epithermal (n,vy) cross sections
are estimated using statistical resonance theory and least
squares fits to measured resonance statistical parameters.
Only s-wave resonances are considered. The (n,p),(n,a), and
(n,2n) reaction cross sections are estimated by computing
compound nucleus formation cross sections due to neutron
bombardment and using the statistical model to compute compound
nucleus decay probabilities. Direct nuclear reactions are
ignored. Further details of the physical models used in cross
section computation are reported in Volume II. Finally, it
may be emphasized that no additional input data is required by
the NAP program for the computation of cross sections. All
necessary data, such as reaction Q-values, are generated
automatically.

In summary, isotopic atom densities are computed region
by region at up to 200 different specified times. Only
isotopes initially present are assumed to undergo nuclear
reactions., The transmutation chains resulting from each
isotope initially present are formulated by examining the
product of flux and cross section to find possible nuclear
reaction products. The decay chain resulting from each
reaction product is followed until a stable isotope is
encountered or a maximum chain length of five members is
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attained. Required reaction cross sections may be obtained
from the NAP library, computed internally, or supplied by

the program user. Resonance self-shielding of the (n,v)
reactions is accounted for if resonance parameters are avail-

able to the program,.
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C. Calculation of Gamma Ray Source Strengths

After each time interval, the gamma ray source strength
density due to each chain member is computed. The gamma ray
spectrum is obtained by dividing the entire gamma ray energy
range of interest into contiguous energy groups. The gamma
ray energy group limits must be specified by the program user.
A maximum of 20 gamma ray energy groups is permitted. The
isotopic source strength density is given by

a ,j(t) = n, (t)7\Jf1’j
where ai,j(t) is the number of photons in gamma ray energy
group i emitted by chain member j at the time t per unit
volume per unit time, nj(t) is the atom density of chain
member j at the time t, A. is the decay constant of chain
member j, and f i,; is the number of photons emitted in gamma
energy group i by chain member j per disintegration.

The fi,j above are obtained by using the gamma ray energy
group structure supplied by the problem originator and data
contained in the NAP Gamma Radiation Library. The library
contains, for each isotope, the half-life, a listing of gamma
ray energies, and a fractional emission probability for each
listed photon energy. A complete description and listing of
the NAP Gamma Radiation Library is given in Volume IV of this
report series,.

Regional source strength densities are obtained by
summing the a; .(t) in a given region over the index j. The
region source strength densities are printed out for each region,
each time interval, and each gamma ray energy group. 1In a
similar manner, the regional energy source strength densities
are printed out. The energy source strengths are simply the
gamma ray source strengths multiplied by the average energy
of each gamma ray energy group.
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D. Calculation of Gamma Ray Dose Rate and Dose

For each source region, the distance R from the center
of the region to a single detector position must be given.
After each time interval, the gamma ray dose rate due to each
source region is computed according to

1 X
DR(t) = : . .a. .
RS A

where Ki is a conversion factor from photons/cmzsec to tissue
dose rate in rads/hr for gamma ray energy group 1i.

The gamma ray dose due to each source region is obtained
by trapezoidal integration of the dose rate over time. The
initial and final times for each dose calculation must be
supplied as input data.
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ITII. INPUT DATA PREPARATION

This section defines the input variables and specifies
the input format for each input card necessary in using the
NAP program. Except for the first input card, all input data
to the NAP program are integer numbers or floating point
numbers. The first card, which contains the problem title,
may contain any of the alphabetic and numerical characters
A to Z and 0 to 9.

An integer number is written without a decimal point,
using the decimal digits 0, 1,...,9. A floating point number
is written with a decimal point, using the decimal digits
0, 1,...9. Any unsigned number (without a preceeding + or -
sign) is assumed to be positive. A floating point number may
include an integer exponent preceeded by an E. Thus the floating
point number 5.0E+03 means 5.0 x 103. An unsigned exponent is
assumed to be positive.

The manner in which the value of an input variable is
to be entered on an input card is specified below in the form
Iw or Ew.d. Here I indicates that the value should be entered
as an integer number, while E indicates that the value should
be entered as a floating point number. The value of w is the
number of columns on the input card which may be used to
specify the value of the input variable, while the value of
d is the number of columns to the right of the decimal (ex-
cluding an integer exponent). For example, the specification
16 indicates that six columns on the input card are reserved
for entering an integer number. The integer number should be
punched in this six-column field right-justified (i.e., the
units position is at the extreme right). Thus the largest number
which can be entered using an 16 format is 999999. Similarly,
the specification E12.5 indicates that 12 columns on the input
card are reserved for entering a floating point number. The
integer exponent, if any, must be entered as right-justified.
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Succeeding input format specifications as used here
are separated by commas, and each specification is repeated
as many times as shown by the integer preceeding the speci-
fication, If no integer preceeds the specification, it is
used only once. Thus the specifications 2E12,5, 3I2 as used
with the input variables EPS, X0, IGEON, IOUT, and NOANG mean
that the value of EPS is punched as a floating point number on
the input card in columns 1-12, the value of XO is punched as
a floating point number in columns 13-24, and the values of
IGEON, IOUT, and NOANG are punched as integer numbers in
columns 25-26, 27-28, and 29-30, respectively,

Blank columns on any input card (except the first) are
interpreted as a zero by the program., Floating point numbers
need not have 4 columns devoted to the exponent field. The
start of the exponent field must be marked by an E, or, if
that is omitted, by a + or -, Thus E2, E+2, 4+02, E02, and
E+02 are all permissible exponent fields. The decimal point
in a floating point number, as punched on the input card,
overrides the position indicated in the input format specifi-
cation,

27



o

Card Type 1, format 12A6; problem title, This card is
simply a title card and may contain any 72 alphanumeric
characters, The title will appear at the top of each page of
output data,

Card Type 2, format E12,5, 716; FLUXN, NOBG, NOREG,
NOGG, NOSS, NISO, IFLX, IWT.

FLUXN is a neutron flux normalization factor (p. 9).
It is used to avoid repeated entries of powers of ten in
describing the neutron flux on card type 6 or 11. All fluxes
input to the NAP code are multiplied by this factor. The
dimensional units are not fixed, but must be consistent with
the dimensions used on card type 6 or 11.

NOBG is the number of neutron energy groups (p. 9) used
in the specification of the neutron flux on card type 6 or 11,
NOBG must be less than 44,

NOREG is the total number of spatial regions (p. 15)
in the problem, If the NAP neutron transport subroutine
is used, neutron transport cross sections and geometrical

data must be supplied for each of the NOREG regions, Similarly,

if region-dependent neutron fluxes are input to the program
(card type 11), the code expects the group fluxes to be speci-
fied for each of the NOREG regions. Finally, the program
expects initial isotopic atom densities (card type 22) to be
specified in each of the NOREG regions. In any case,

NOREG must be less than 21.

NOGG is the number of gamma ray energy groups (p. 24) to
be used in the description of the gamma ray energy spectrum,
NOGG must be less than 21.

NOSS is an integer number used as a control option. If
NOSS is entered as zero, the NAP program assumes that the
neutron flux spectrum specified by card type 6 is region-
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independent, i.e., the fluxes input on card type 6 will be
used in each region. If NOSS is entered as a positive integer
(> 0), the NAP neutron transport subroutine (p. 13) will be
used to compute region-dependent fluxes, Finally, if NOSS

is entered as a negative integer  0), the NAP program
expects region-dependent fluxes to be supplied as input data
using card type 11.

NISO is meaningful only if the neutron transport sub-
routine is used (NOSS > 0). If NISO is entered as zero, the
neutron transport subroutine assumes that the incident neutron
flux (p. 14) specified on card type 6 is isotropic. If NISO
is entered as any positive integer (> 0), the neutron transport
subroutine expects that the angular dependence of the incident
flux is specified by data on card type 9,

IFLX is a control integer indicating the interpretation
(p. 10) to be given to the incident neutron group fluxes
specified by card type 6 or 11. IFLX = 0 signifies that the
group fluxes input on card type 6 or 11 are integrals of @(E)
over energy using the group energy limits specified by card
type 3. IFLX = 1 signifies that the input group fluxes are
average fluxes per unit lethargy. IFLX = 2 signifies that the
input group fluxes are average fluxes per unit energy. IFLX =
5 signifies that no interpretation is required for the input
group fluxes, and further that the neutron energy group limits
(card type 3) should not be adjusted to be consistent with the
NAP Cross Section Library energy limits. This last option is
used only when the problem originator desires to rely exclusively
on his own cross section set (card types 19 and 20). The use
of IFLX is summarized in Table III.

IWT is a control integer indicating the type of neutron
flux spectrum weighting (p. 20) given to the reaction cross
sections if NOBG is less than 43, If IWT = 0, a fission flux
spectrum is used to weight the cross sections above 183 keV
and a 1/E flux spectrum below 183 keV, If IWT =1, a 1/E flux
spectrum is used; if IWT = 2, a constant flux per unit energy
spectrum is used. The use of IWT is summarized in Table IV.
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Table III
EFFECT OF IFLX OPTION

Meaning of Group Fluxes
Value of IFLX (card type 6)
Eg-l
0 @(E) dE
E
g
Eg-1 Eg-l
1 d(E) a
E E
g g
Eg_1 Eg_1
2 @(E) dE dE
E E
g g
5 arbitrary
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Table IV
EFFECT OF IWT OPTION

Group Reaction Cross Sections
Value of IWT calculated from library according to:

183 keV Eg-l
6(E) E + 6 (E) @5 (E) dE

0 Eg 183 keV

183 keV E 1
dE g-
T+ @5 (E)dE
E 183 keV

g

Note: ¢F(E) denotes a fission flux spectrum.
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Card type 3, format 6E12.5; ELIM(I).

ELIM(I) is the lower energy limit of neutron energy group
I in units of electron-volts. That is, ELIM(I) corresponds
to the energy limit EI on p. 9. Here I is a running index
such that I =1, 2, 3, ..., NOBG, where NOBG is the total
number of neutron energy groups entered on card type 2. The
values of ELIM(I) are specified six values per card in order
of decreasing neutron energy. The upper energy limit of the
first neutron energy group is not specified, but is programmed
to be 21.17 MeV. The total number of energy limits entered is
thus equal to NOBG. As many as seven cards of this type may
be required. If IFLX (card type 2) is 5, NOBG energy limits
must be given but are not actually used. However, the energy
limits will be printed out as part of the output data.

Card type 4, format 24I3; NLIM(I). (Used if IFLX = 5).

NLIM(I) are integers which specify the manner in which
the 43-group cross section sets provided by the program user
should be collapsed into a set of NOBG groups. This type of
card must be submitted if and only if IFLX is 5. Here I is a
running index such that I =1, 2, 3, ..., NOBG. Each value of
NLIM specifies the largest group number of each of the broad
neutron energy groups. For example, if five neutron energy
groups (NOBG = 5) are used to specify the flux such that the
first group consists of groups 1-10 of the 43-group structure
used to describe the cross sections, the second group consists
of groups 11-20, the third of 21-30, the fourth of 31-42, and
the fifth of 43 only, then the values of NLIM entered on this
card should be 10, 20, 30, 42, 43. The values of NLIM are
entered 24 to a card arranged in order of increasing group
number. Two cards of this type may be required. The broad
group cross section set is obtained by an arithmetic average
of the appropriate narrow group cross sections.
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Card type 5, format 6E12.5; EGG(I).

EGG(I) are floating point numbers which are the gamma
ray energy group limits (p. 24) desired in the NAP computation.
Here I is a running index such that I =1, 2, 3, ., NOGG+1
where NOGG is the number of gamma ray energy groups entered on
card type 2. The EGG(I) are expressed in MeV and must be
listed in order of decreasing value, six values to a card.
Unlike the specification of the neutron energy group limits,
the uppermost gamma ray energy group limit must be specified.
Thus EGG(1) is the upper energy limit of the first gamma ray
energy group, EGG(2) is the lower energy limit of the first
gamma ray energy group, EGG(3) is the lower energy limit of the
second gamma ray energy group, etc. All photons of energy above
the largest energy limit or below the smallest energy limit are
ignored. Up to four cards of this type may be required.

Card type 6, format 6E12.5; FLXIN(I).

FLXIN(I) are floating point numbers which specify the
magnitude of the incident neutron flux (p. 9) using the energy
group structure previously entered on card type 3. Here I is
a running index such that I =1, 2, 3, ..., NOBG where NOBG
is the number of neutron energy groups entered on card type 2,
Thus, FLXIN(I) is the magnitude of the incident neutron flux
in energy group I. The values of the FLXIN array are listed in
order of decreasing energy (increasing group number) with six
values to a card., Eight cards of this type may be required.

The physical units used depend upon the value entered for IFLX
on card type 2. The values of the FLXIN(I) entered on this card
are all multiplied by the value of FLUXN (card type 2) during
operation of the program. Thus if IFLX is entered as zero,

the product of FLUXN and FLXIN(I) should have units of neutrons/
cmz-sec. If TFLX is 1, the product of FLUXN and FLXIN(I)

should have units of neutrons per unit'lethargy/cmz-sec. If
IFLX is 2, the product of FLUXN and FLXIN(I) should have units
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of neutrons/eV-cmz-sec. If IFLX is 5, the units are arbitrary
but must be consistent with the units of the cross sections
entered on card type 20,

Card type 7, format 2E12.5, 3I2; EPS, X0, IGEON, IOUT,
NOANG. Must be submitted if and only if NOSS (card type 2)
is greater than zero.

EPS is a floating point number specifying the convergence
criterion (p. 15) used in the NAP neutron transport subroutine.
In each neutron energy group, convergence is satisfied when the
fractional change in the group flux at the right-most boundary
is less than EPS between successive iterations.

X0 is the spatial coordinate in centimeters of the left-
most boundary (p. 14). An error stop will occur if X0 is zero
and spherical geometry is used.

IGEON is an integer number indicating the geometry for
the neutron transport subroutine. If IGEON is zero, spherical
geometry is assumed; if IGEON is 1, slab geometry is assumed.

IOUT is an integer number specifying the quantity of data
output generated by the neutron transport subroutine. If IOUT
is entered as 3, the angular flux, i.e. W(x,uj) on p. 14,
obtained from the neutron transport solution is printed out
as a function of space (mesh point), energy group, and angle
(uj). If IOUT is entered as 2, the group flux, i.e. W(x,uj)
integrated over p, is printed as a function of space and energy
group., If IOUT is entered as 1, the spatially-averaged group
flux in each spatial region is printed as a function of energy
group.

NOANG is an integer specifying the type and number of
discrete ordinates (p. 13) to be used in the neutron transport
subroutine. If NOANG is 2, 4, 6, 8, or 10, Legendre-Gauss
quadrature is used employing the 2, 4, 6, 8, or 10 angular
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ordinates given in Table II (p. 16). If NOANG is 24 or 26,
Lobatto quadrature is used employing 4 or 6 ordinates. 1If
spherical geometry is used (IGEON = 0), Legendre-Gauss quad-
rature will be employed, even if Lobatto quadrature is selected.

Card type 8, format 4E12.4, 12; SIGS(I), SIGT(I), SIGSL(I),
DX(I), NINT(I). Must be submitted if and only if NOSS (card
type 2) is greater than zero.

SIGS(I) is a floating point number giving the value of the
macroscopic neutron scattering cross section (p. 13) for neutron
-energy group one and region I. Here I is a running index such
that I =1, 2, 3, ..., NOREG where NOREG is the number of regions
specified on card type 2. There are as many cards of this type
as there are regions in the problem. Thus the first type 8
card gives data pertaining to region one, the second to region
two, etc. Note however that SIGS(I) on this card pertains only
to the first (highest) neutron energy group. Cross sections
for other energy groups are given on card type 10. The physical
units of SIGS(I) must be consistent with the units used for
FLUXN (card type 2) and FLXIN(I) (card type 6). The product
of SIGS, FLUXN, and FLXIN should have units of neutrons/cm3—sec.

SIGT(I) is analogous to SIGS(I), but is the total cross

section.

SIGSL(I) is also analogous to SIGS(I), but is the cross
section for neutron scattering from energy group one to energy
group two. The SIGSL values, when multiplied by the group one
flux values, act as a slowing down source term for the second
energy group.

DX(I) is the mesh point spacing (p. 15) in centimeters

for region I.

NINT(I) is an integer equal to the number of mesh point
intervals in region I. The thickness of region I is thus
DX(I) times NINT(I). The total number of mesh intervals summed
over all of the regions must be less than 100.
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Card type 9, format 5E12.4; AFLX(J). Must be submitted
if and only if both NOSS and NISO (card type 2) are greater
than zero.

AFLX(J) is a floating point number which specifies the
value of the incident neutron flux in energy group one at the
discrete ordinate by (p. 14). The number of AFLX values entered
should be one-half the number of discrete ordinates indicated
by NOANG on card type 7, inasmuch as only the forward components
of the angular flux are to be specified. The AFLX values should
be entered in order of increasing © (decreasing u), and must
be normalized such that the sum of the values times the angular
weights pertaining to both forward and backward components is
unity. That is, the value of AFLX(J) must be equal to one-
half the fractional neutron flux in the first neutron energy
group incident upon the left-most boundary directed at an angle
QJ = cos'l Ly to the normal. Only positive values of Ly are
considered. An example is given in the following paragraph.

If NISO is entered as zero, this card is not submitted. and the
AFLX values are internally programmed to be 0.5.

As an example, suppose that the neutron flux incident upon
the left-most boundary of the system is known as a function of
energy and angle to the normal. A typical angular dependence
is shown in Figure 4. An isotropic flux is also shown for
comparison. If Legendre-Gauss quadrature with four ordinates
are used, two values of AFLX(J) should be entered on card
type 9. For the example shown in Figure 4, these two values
should be 0.795 and 0.550 in that order.

Card type 10, format 3E12.4; SIGS(I), SIGT(I), SIGSL(I).
Must be submitted if and only if NOSS is greater than zero and
NOBG is greater than one. This card is analogous to card type
8, except that the mesh point spacing and number of mesh
intervals is omitted. The cross sections now refer to the
second neutron energy group. As before, I is a running index
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which indicates the region number, I =1, 2, 3, ..., NOREG.
These cards are ordered by increasing region number, the region
numbers increasing from left to right.

If both NOSS and NISO are greater than zero and NOBG is
greater than one, a card of type 9 now follows the above set
of card type 10. The AFLX values now refer to the anisotropy
of the incident neutron flux in the second neutron energy group. ,
Card types 10 and 9 are repeateduntil data for all the neutron
energy groups have been submitted.

To clarify the ordering of card types 8, 9, and 10, the
following example may be considered. Suppose a NAP problem
is set up with three neutron energy groups, two spatial regions,
the incident neutron flux is anisotropic in a known manner, and
it is desired to use the NAP neutron transport subroutine. On
card type 2, NOBG should be given as 3, NOREG as 2, NOSS and
NISO as some integer greater than zero, say 1. Card types 8,
9, and 10 should be submitted in the following order:

1. card type 8 for region one and neutron energy group
one |

2. card type 8 for region two and energy group one

3. card type 9 for neutron energy group one

4, card type 10 for region one and neutron energy
group two

5. card type 10 for region two and energy group two

6. card type 9 for neutron energy group two

7. card type 10 for region one and neutron energy
group three

8. card type 10 for region two and energy group three

9. card type 9 for neutron energy group three

If the incident neutron flux were known to be isotropic, then
NISO on card type 2 should be given as zero. The ordering of
the cards is the same as that just given, except that all cards
of type 9 must be omitted.
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Card type 11, format 6E12.5; FLX(I). Must be submitted
if and only if NOREG (card type 2) is greater than one and
NOSS (card type 2) is less than zero.

FLX is an array of floating point numbers used to describe
the average neutron fluxes in each spatial region as a function
of neutron energy group. If NOSS is greater than zero, the NAP
neutron transport subroutine is used to generate the FLX array.
If NOSS is zero, the FLXIN array submitted on card type 6 is
assumed to apply in each spatial region, i.e. the neutron flux
is independent of spatial region. If NOSS is less than zero,
the neutron flux in each energy group and each spatial region
(other than the first) must be supplied on this type input card.
Here I is a running index such that I = NOBG+l, NOBG+2, ...,
(NOBG) x (NOREG). For example, if NOSS is less than zero,

NOREG is 3, and NOBG is 4, then the group fluxes in region one
should be entered on card type 6 for energy groups one through
four, in order of increasing group number (decreasing energy).
The cards of type 11 should then contain eight numbers, six

on the first card and two on the second. The first four numbers
should be the group fluxes in region two, in order of increasing
group number; the second set of four numbers should be the
group fluxes in region three, in order of increasing group
number,

Card type 12, format E12,5; TFAC, NONV,

TFAC is a floating point number which specifies the
thermal averaging parameter (p. 21). All group 43 neutron
reaction cross sections are multiplied by TFAC. Thus TFAC is
that factor such that multiplication of the 2200 m/sec cross
section value of a 1/v cross section by TFAC yields the ef-
fective thermal cross section. For example, if the thermal
neutron flux is assumed to have a Maxwellian velocity distri-
bution with a most probable velocity of 2200 m/sec, then TFAC
is the ratio of the most probable velocity to the average
velocity and should be entered as 1/1.128 = 0.8862.
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NONV is an integer equal to the number of isotopes in the
problem (in all spatial regions for which gamma ray source
strengths are desired) whose thermal cross sections are not
1/v. The maximum value of NONV is ten.

Card type 13, format 3(2I6, E12.5); NZ(I), NA(I), VFAC(I).
Must be submitted if and only if NONV (card type 12) is greater
than zero.

NZ(I) is an integer equal to the atomic number of the
Ith isotope having a non-1/v thermal cross section, Here I
is a running index such that I = 1,2,..., NONV,

NA(I) is an integer equal to the atomic mass number of
the Ith isotope having a non-1/v thermal cross section.

VFAC(I) is a floating point number equal to the non-1/v
factor (p. 21) for the Ith isotope having a non-1/v thermal
cross section. In computing neutron reaction rates for isotopes
originally present in the problem, the NAP program searches the
NZ, NA table provided by cards of type 13, If both the atomic
number and the mass number of the isotope under consideration
are found in the table, the thermal (Cgéss Section Library neutron
energy group 43) cross section is mult&ﬁlied by both TFAC and
VFAC(I) to obtain an effective thermal cross section for use in
computing the reaction rate. Three sets of NZ, NA, and VFAC are
permitted on each card of type 13 in the order NZ(1l), NA(l),
VFAC(1), Nz(2), NA(2), VFAC(2), NZ(3), NA(3), VFAC(3). Since
NONV must be equal to or less than ten, a maximum of four cards
of type 13 is permitted, the last card having only one set of
values,

Card type 14, format 216; NOPER, NODOS.

NOPER is an integer equal to the total number of time
periods in which the power level (p. 9) is constant. NOPER is
limited to a value of 50 or less. For example, if P(t) is given
by 22 values as indicated in Figure 2, NOPER must be entered
as 22,

NODOS is an integer equal to the number of initial and
final times to be used in the dose calculations (p. 25).
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Each dose calculation consists of a numerical integration of
the dose rate from some initial time to some final time.
These times are supplied on card type 18. NODOS must be
equal to the total number of such times and must be 50 or
less. For example, suppose three dose calculations are
desired, the first from time t; to time ty, the second from
ty to t4, and the third from t4 to ts. Six values for the
time must be supplied on card type 18, the fourth such value
being repeated, and NODOS must be entered as six. It may be
noted that NODOS is twice the number of dose calculations
desired.

Card Type 15, format 6E12.5; POW(I).

POW(I) is a floating point number which gives the value
of the power level P(t) (p. 9) during the Ith time period.
Here I is a running index such that I =1,2,..., NOPER, The
physical units are arbitrary, but must be consistent with the
units used for FLUXN on card type 2 and FLXIN(I) on card type
6. It is essential that the product of POW, FLUXN, FLXIN,
and the neutron cross sections, whether taken from the NAP
Cross Section Library or supplied by the user, has dimensions
of neutrons/sec. The number of values of POW(I) submitted,
six to a card, must be equal to the value of NOPER (card
type 14). Thus, for the example shown in Figure 2, 22 values
of POW(I) must be entered. A value of zero entered for any
POW(I) implies that there is no incident neutron flux during
the Ith time period.

Card Type 16, format 6E12.5; TI(I).

TI(I) is a floating point number equal to the duration in
hours, of the Ith time period. Here I is a running index such
that T = 1,2,..., NOPER. The power level POW(I) is constant
throughout the time period of length TI(I). There must be
NOPER values of TI(I) given, six per card.
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Card Type 17, format 1216, NINT(I).

NINT(I) is an integer equal to the number of equal time
intervals contained in the time period of length TI(I). Again
I is a running index such that I = 1,2,,.., NOPER, Thus the
Ith time period of length TI(I), during which the power level
is constant at the value POW(I), is divided into NINT(I) time
intervals, each of length TI(I)/NINT(I). The radioisotopic
atom densities, gamma ray source strengths, and gamma ray dose
rates are computed at the end of each time interval. There
must be NOPER values of NINT(I) given, twelve per card. The
total number of time intervals used in all the time periods
is limited to 200. That is, the sum of the values of all the
NINT(I) must be equal to or less than 200.

As an example, suppose the power level is unity for onme
hour, and then is zero. Then NOPER is 2, POW(l) is 1.0, and
POW(2) is 0.0. If it is desired to compute the gamma ray dose
rate every ten minutes during the irradiation, and every five
minutes for three hours after the irradiation, then TI(l) is
1.0, TI(2) is 3,0, NINT(1l) is 6, and NINT(2) is 36.

Card Type 18, format 6E12.5; TS(I).

TS(I) is a floating point number equal to an initial or
final time (in hours) used in calculating the gamma ray dose.
Here I is a running index such that I =1,2,..., NODOS. This
card must be submitted even if NODOS is zero, in which case a
blank card may be used. There must be NODOS values of TS(I)
entered, six per card. For the example discussed above under

card type 14, one card of type 18 should be submitted containing

the values t1s tos tg, ty, t4, ts.
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Card Type 19, format I6; NX.

NX is an integer which specifies the number of neutron
reaction cross section sets supplied by the program user, to
be used in preference to the NAP Cross Section Library. Each
reaction type for each isotope is counted as a single set.

If no cross sections are supplied, NX should be entered as
zero.

Card Type 20, format 10E8.1; X(M).

XM, M=1,2,...,50, is an array of floating point
numbers, ten per card, giving the microscopic cross section
set supplied by the program user. Five cards of this type
constitutes a single cross section set. These cards must not
be submitted if NX (card type 19) is zero.

X(1) = atomic number (Z) of isotope described by this
set of cross sections.

X(2) = mass number (A) of isotope.

X(3) = fractional abundance of naturally occuring
isotope.

X(4) = a number describing the type of cross section

given. Acceptable values of X(4), and their

meanings, are given in Table V.

X(5)

microscopic potential scattering cross section
(barns).

If X(4) is less than 100,

X(6) = cross section (barns) for neutron energy group 1.
X(7) = cross section (barns) for neutron energy group 2.
X(ﬁS) = cross section (barns) for neutron energy group 43,

If X(4) is 100 or 200,

X(6) = neutron resonance energy (eV) for first resonance.
X(7) = resonance statistical factor g for first resonance.
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IDENTIFICATION OF CROSS SECTION TYPE

Table V

product nucleus

X(4) type of reaction ground state isomeric state
1 (n,v) X
2 - (n,p) p:d
3 (n,a) X
4 (n,2n) X
11 (n,v) X
12 (n,p) X
13 (n,a) b:e
14 (n,2n) X
100 (n,vy) resolved X
resonance
200 (n,v) resolved X
resonance
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X(8) resonance capture width (eV) for first resonance.

X(9) = resonance neutron width (eV) for first resonance.

X(10) = resonance parasitic width (eV) for first resonance.
X(11) = neutron resonance energy (eV) for second resonance.
X(50) = resonance parasitic width (eV) for ninth resonance.

If X(4) is less than 15, the NAP program assumes that the
cross section set is supplied, using a 43-group neutron energy
structure, in the order of decreasing energy. The cross section
for group 43 is assumed to be a 2200 m/sec value, i.e., it is
multiplied by TFAC and by VFAC, if appropriate, in computing
the reaction rate. If IFLX (card type 2) is five, the 43-group
energy structure need not be identical to that used in the
NAP Cross Section Library. Five cards of type 20 must be
supplied for each cross section type given. Additional cross
section sets are placed in order of increasing Z, increasing A,
and increasing value of X(4). For example, cross section sets

70
for 30Zn

must preceed those for 31Ga

Card type 21, format I12,4E12,5; ISOR, R, TEMP, VOL, RD,
This card type and the following are grouped together in order
of increasing region number. There must be NOREG cards of this

type.

ISOR is an integer specifying the number of isotopic or
elemental atom densities to be specified as initially present
in the region. ISOR must not be greater than 20. If ISOR is
zero, the region is not considered in the computation of
gamma ray source strengths, but is considered in the neutron
transport problem if NOSS (card type 2) is greater than zero.

R is a floating point number giving one-half the radius
or one-half the thickness of the region, in centimeters. For
infinitely-long cylinders, R is the radius; for infinite slabs,

R is the thickness. R is used only in the computation of effective

resonance integrals (see Volume II). A machine overflow will
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occur if R is entered as zero and an effective resonance

integral calculation is attempted.

TEMP is a floating point number giving the temperature
(degrees Fahrenheit) of the region, and is used only in
effective resonance integral calculations.

VOL is a floating point number giving the volume (cm3)
of the region.

RD is a floating point number giving the distance (cm)
from the center of the region to the position where gamma
ray dose rate and dose information is desired. If RD is
entered as zero, no such information will be obtained, and
the NAP program will advance to the next region, after
computing the gamma ray source strengths.

Card Type 22, format 3(2I3, 16, E12.5); IZ(I), IA(I),
IKEY(I), DEN(I).

IZ(I) is an integer giving the atomic number of the Ith
isotope initially present in the region. On this type card,
I is a running index such that I = 1,2,..., ISOR.

IA(I) is an integer equal to the atomic mass number of
the Ith isotope initially present in the region, If IA(I) is
entered as zero, the NAP program assumes that the element
specified by IZ(I) is present in its naturally occurring
isotopic composition, provided that composition is available
in either the NAP Cross Section Library or in the Cross Section
sets supplied by the program user (see card type 20).

IKEY(I) is an integer which controls the origin of all
neutron reaction cross sections for the Ith isotope or element
according to the following scheme:

IKEY = 0: cross sections will be calculated if not
found in the NAP Cross Section Library.
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IKEY
IKEY

IKEY

DEN(I) is
(or elemental)

Each card

cross sections will be set equal to

zero if not found in the library.

cross sections will be calculated even

if in the library.

cross sections are supplied (card type 20)

by the user. If not found in the supplied

*

data, they will be calculated.

a floating point number giving the isotopic
atom density (lO24 atoms/cc) of the rth isotope.

of this type may contain data for three isotopes.
As an example of the ordering of card types 21 and 22, consider
a two-region problem with five isotopes initially present in

the first region and four in the second. The proper order is

then:

card
card
card
card
card
card

type
type
type
type
type
type

21
22
22
21
22
22

for
for
for
for
for
for

first region

first region (three isotopes)
first region (two isotopes)
second region

second region (three isotopes)
second region (one isotope)

Finally, a summary of program options available to the
problem originator is given in Table VI, a dictionary of all
input variables in Table VII, and a summary of input card

formats in Table VIII.
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TABLE VI
NAP PROGRAM OPTIONS

Card Suggested
Type Variable Value Effect
2 NOSS -1 Regional fluxes are input
0 Flux is spatially uniform
-1 Perform neutron transport
calculation
2 NISO 0 Incident flux is isotropic
1 Incident flux is anisotropic
2 IFLX 0 Input group fluxes are integrals
over energy
1 Input group fluxes are averages
per unit lethargy
2 Input group fluxes are averages
per unit energy
5 Input group fluxes are undefined
and energy limits are not adjusted
2 IWT 0 Cross Sections are weighted by
fission flux spectrum and 1/E
flux spectrum
1 Cross sections are weighted by
1/E flux spectrum
2 Cross sections are weighted by
constant flux spectrum
7 IGEON 0 Spherical geometry
1 Plane geometry
7 I0UT 1 Print average group flux by
region
2 Print average group flux and

group flux by mesh point
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TABLE VI (CONT'D.)
NAP PROGRAM OPTIONS

Card Suggested
Type Variables Value Effect
3 Print average group flux, group
flux, and angular flux
22 IKEY(I) 0 Calculate cross sections (for
isotope I) if not found in
library
1 Set cross sections equal to
zero if not found
2 Calculate cross sections
3 Cross sections are supplied

as input
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TABLE VII
NAP INPUT DICTIONARY

Card
Name Type Meaning

AFLX(J) 9 Normalized incident angular flux (used only
if NOSS > 0 and NISO # 0) (No more than 5
values)

DEN(I) 22 Initial isotopic atom density (1024/cc) for
isotope I.

DX(1I) 8 Mesh spacing (cm) in region I (used only if
NOSS > 0)

EGG(I) 5 Gamma energy group limits (MeV)

ELIM(I) 3 Neutron flux energy group limits (eV)

EPS 7 Convergence criterion for neutron transport
calculation

FLUXIN(I) 6 Incident neutron energy group fluxes

FLUXN 2 Neutron flux normalization factor

FLX(I) 11 Regional neutron energy group fluxes (used
only if NOSS ¢ 0)

IA(I) 22 Atomic mass number of initial isotope I (if
IA = 0, natural abundance is used)

IFLX 2 0,1,2 if FLUXIN(I) is integral flux, flux per
unit lethargy, or flux per unit energy,
respectively, If IFLX = 5, FLUXIN(I) is
arbitrary.

IGEON 7 0 for spherical geometry, 1 for slab geometry
(used only if NOSS > 0)

IKEY(I) 22 Supplied for isotope I:

0: 6 calculated if not in library
1: 6 = 0 if not in library
2: 6 always calculated
3: 6 applied as input
I0UT 7 Used if and only if NOSS > O:

3: print angular flux
2: print group flux
1: print average group flux
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TABLE VII (CONT'D,)
NAP INPUT DICTIONARY

Card
Name Type Meaning
ISOR 21 Number of initial isotopes in region I
(§ 20)
IWT 2 Inc'iicates weighting for averaging of group
6's:
0,1,2 indicates fission and 1/E weighting,
1/E weighting, and constant weighting,
respectively
IZ(I) 22 Atomic number of initial isotope I
NA(I) 13 Atomic number of Ith non-1/v isotope (used
if and only if NONV > 0)
NINT(I) 8 Number of mesh intervals in region I (used
if and only if NOSS > 0) (Sum over I< 100)
NINT(I) 17 Number of time intervals in time period I
(Sum over Ig 200)
NISO 2 >0 if incident flux is anisotropic (used
only if NOSS > 0)
NLIM(I) 4 Used if and only if IFLX = 5, Specific group
structure of incident flux for 6 weighting.
NOANG 7 Number of flux angular ordinates (used if and
only if NOSS > 0) (Restricted to 2,4,6,8,
10,24, or 26)
NOBG 2 Number of neutron energy groups (< 43)
NODOS 14 Number of initial and final dose times
({ 50)
NOGG 2 Number of gamma energy groups (.< 20)
NONV 12 Number of non-1/v isotopes (.< 10)
NOPER 14 Number of constant flux time periods (< 50)
NOREG 2 Number of spatial regions (< 20)
NOSS 2 { 0, regional fluxes are input
= 0, flux is spatially uniform
> 0, perform neutron transport calculation
NX 19 Number of 6 sets given as input
NZ (1) 13 Atomic number of rth non-1/v isotope (used

if and only if NONV > 0)
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TABLE VII (CONT'D.)

NAP INPUT DICTIONARY

Name

POW(TI)

R
RD
SIGS(I)

SIGSL(I)
SIGT(I)

TEMP
TFAC
TI(I)
TS (I)
VFAC(I)
VOL

X (M)

X0

Card

Type Meaning

15 ?eutron flux intensity level for time period

21 One-half times mean chord length (cm) (# 0)

21 Distance (cm) from source to detector

8,10 Scattering cross section (cm'l) for region I
(used if and only if NOSS  0)

8,10 Slowing down cross section (cm'l) for region
I (used if and only if NOSS > 0)

8,10 Total cross section (cm'l) for region I
(used if and only if NOSS > 0)

21 Temperature (degrees F)

12 Thermal cross section averaging parameter

16 Length (hrs) of time period I

18 Time (hrs) at which dose starts or stops

13 Non-1/v factor for non-1/v isotope I

21 Volume (cm3) of region

20 Input values of ''cross section"

7 Coordinate (cm) of system left hand boundary

(# 0 if IGEON = 0)
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TABLE VIII
INPUT DATA FORMAT SUMMARY

Card
Type Variables Format Comment
] 12A6 problem title
2 FLUXN, NOBG, NOREG, E12.5,
NOGG, NOSS, NISO, 716
IFLX, IWT
3 ELIM(I) 6E12,.5 must provide NOBG values
4 NLIM(I) 2413 used if and only if IFLX
= 5, must provide NOBG
values
5 EGG(I) 6E12.5 must provide NOGG+1 values
6 FLUXIN(I) ‘ 6E12.5 must provide NOBG values
7 EPS,X0, IGEON, 2E12.5, used if and only if NOSS
IOUT, NOANG 312 >0
8 SIGS(I) SIGT(I;, 4E12 .4, used if and only if NOSS
SIGSL(I), DX(I), 12 >0
NINT(I)
9 AFLX(J) 5E12.4 used if and only if NOSS
>0 and NISO # 0
10 SIGS(I),SIGT(I), 3E12.4 used if and only if NOSS
SIGSL(I > 0 and NOBG > 1
11 FLX(I) 6E12.5 used if and only if NOSS
0, must provide NOBG x
(NOREG-1) values
12 TFAC, NONV E12.5,16
13 NZ (I),NA(I), 3(216, used if and only if NONV
VFAC E12.5) >0, must provide NONV
values
14 NOPER,, NODOS 216
15 POW(I) 6E12.5 must provide NOPER values
16 TI(I) 6E12.5 must provide NOPER values
17 NINT(I) 1216 must provide NOPER values
18 TS (I) . 6E12,5 must provide NODOS values
19 NX 16
20 X(M) 10E8.1 used if and only if NX
> 0, must provide 5 times
NX cards
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TABLE VIII (CONT'D.)
INPUT DATA FORMAT SUMMARY

Card

Type Variables Format Comment

21 ISOR,R, TEMP 112, must provide NOREG cards
VOL,RD 4E12,5

22 IZ(I),IA(I) 3(213,16, must provide ISOR sets for

IKEY (1), DEN(I) E12.53 each region
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IV. OPERATING INSTRUCTIONS

The NAP program has been written entirely in the IBM
7090/7094 FORTRAN IV language, and is designed for operation
under the IBSYS Operating System (Version 13). The program
binary decks currently available are for use on an IBM 7094.

Correct operation of the NAP program requires placement
of the NAP Cross Section Library tape on FORTRAN tape unit 8
and the NAP Gamma Radiation Library tape on FORTRAN tape unit
10. TFORTRAN tape unit 1 is used to store any cross section
data submitted by the program user. FORTRAN tape unit 2 is
used for temporary storage during program operation.

As an aid in determining the rapidity of convergence when
the neutron transport subroutine is used to calculate the
spatial dependence of the neutron fluxes, sense lights 1 and 2
may be observed. Both sense lights are off prior to the use
of the neutron transport subroutine. At the start of the
iterations for the first group flux solution, sense light 1
turns on and remains on until a converged solution for the
first group flux is attained. Sense light 1 remains off until
a converged solution for the second group flux is attained.
Thus, as convergence is achieved for each energy group flux,
the status of sense light 1 will change. When a converged
solution has been obtained for all of the energy group fluxes,
sense light 2 turns on. Depressing sense switch 1 results in
a bypassing of the convergence test after five iterations are
completed in each group.

Sense switches 2 and 3 may be depressed to obtain sup-
plemental output data, as explained in the following section.
All output is written on FORTRAN tape unit 6; input data is
assumed to be on FORTRAN tape unit 5,
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V. OUTPUT DATA

NAP program output is largely self-explanatory. Typical
input and output are illustrated by the sample problem in
Section VIII of this report. If region-dependent neutron group
fluxes are input to the problem, the group fluxes will appear
in the output in order of increasing region number, but the
regions are not identified on the flux output. In many cases,
two or more atom densities will be printed for the same radio-
isotope. This will occur whenever the radioisotope is produced
in more than one manner. Atom densities, gamma ray source
strengths, energy source strengths, dose rates, and doses
are printed as a function of time, region by region.

Sense switch 3 may be depressed to produce additional
output., This consists of the results of effective resonance
integral calculations and the broad group cross section sets
resulting from condensation of the NAP Cross Section Library
sets.

Sense switch 2 may be depressed to produce some ''debugging"
output. This includes cross section sets and resolved resonance
parameters as obtained directly from the NAP Cross Section
Library. Additional informtion pertaining to effective resonance
integral calculations is printed. Cross section sets calculated
by the NAP program are also printed using the NAP library 43-
group energy structure. The groups are not identified on the
output, but the first column contains group cross sections for
groups 1-15, the second column groups 16-30, and the third
column 31-43. Each decay chain is described by printing out the
isotopic identification of each chain member. Isomeric states
are identified by mass numbers in excess of 500, e.g., mass
number 683 indicates an isomeric state of mass number 183. The
Qi and Sj defined in Section II-B, but without the P(At) factor,
are printed for each chain member. In addition, the chain
member atom densities (in units of 1024 atoms/cc) are printed,
prior to dumping on magnetic tape for later use. Here the time
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in hours is identified by T and the atom density of chain
member I by N(I).
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VI. FLOW CHARTS

This section presents a brief description and a flow
chart for each subprogram of the NAP code. Arguments, dimen-
sioned variables, common variables, subroutines called, and
subroutines entered from are listed for each subprogram, The
flow charts show explicitly the operation of the input program
control options available to the program user. The main program
is described first, followed by the subprograms in alphabetical
order.
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MAIN PROGRAM

Purpose: The main program reads in most of the input
data and links together most of the NAP subroutines. It
sets up the fixed neutron energy group limits consistent
with the NAP cross section library, sets up the time
intervals used in computing isotopic concentrations,
dose rate, and dose, and computes the regional gamma
source strength densities.

Arguments: None

Dimensioned Variables:

A(5) IKEY (20) REGS (20, 200)
BX(12) 1Z(20) SOR(20,5)
D(5) KMAX (20) SPOT (20)
DEN(20) NA (10) T (200)
EGG(21) NINT (50) TI(50)
ELIM(43) NLIM(43) TS (50)
FELIM(44) NZ (10) VFAC(10)
FLX(860) POW (50) VOL (20)
FLXIN(43) POWR (200) Z(5)

IA(20) RD(20)

Common Variables:

*
BS : EGG, LASTT, NOGG, POWR, SOR, T

CF: ELIM, FELIM, FLXIN, IFLX, IWT, NA, NOBG, NONV,
NZ, TFAC, VFAC

CP: BX,IC,LEAF

CQ: NLIM

R: DEN,IA,ISOR,IZ,R,TEMP,SPOT

name of labeled common
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Called Subprograms:

DOS, GROUPS, ISOCON, NATDEN, PAGE, RLIM,

SHIELD, XSIN.

Calling Subprograms: None.

Comments: The position in the program of various write
statements are indicated on the right hand side of the
logical flow chart to aid in malfunction analysis. The
array name REGS, referred to after calling ISOCON, sig-
nifies REGS(I,J), the regional gamma source strength
density for gamma energy group I and time step J. It is
computed from data dumped on tape 2 by subroutine ISOCON
and is used later by subroutine DOS. Although not
indicated on the flow chart, the main program calls RLIB
and PAGE. The first statement of the main program calls
RLIB to initiate reading of part of the NAP Radiation
Library into an allocated portion of core storage. PAGE
is utilized with most of the write statements to provide
page numbering of output data.
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read cards #1-#6

[

setup fixed neutron
energy group limits

y
call GROUPS

4

call
SHIELD

write gamma
group structure

read card #11

set region fluxes
equal to input

flux
1
call GROUPS
<
read card #12
write
TFAC
Yes
NONV <0
No
read card #13
write
VFAC
read cards #14-#18
y
set up time
increments
write T
and POW
call XSIN

®
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read card #21

Yes

ISOR \( 0

No

Y

write region
volume, etc.

read card #22

Y

call NATDEN

write initial
atom densities

call ISOCON

Y

read tape 2

write region
atom densities

No
isotope

Y

write reglion
source

call DOS

No

last

region

go back to
beginning

strengths J
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Function AJ

Purpose: Computes Dresner's J-function with £ and B
asn input. See Volume II,

Arguments: XI, BETA,

Dimensioned Variables: BJ(27,10)

Common Variables: None.

Called Subprograms: None.

Calling Subprograms: RESINT

Comments: Tabular data are contained in the array BJ
which is set up by three data statements. Approximation
No. 1 is given by equation (87) of Volume II, approxi-
mation No. 2 by equation (84).
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Function ALCOM

Purpose: Obtain compound nucleus formation cross section
of nucleus, specified by Z and A, due to incident alpha

particle of energy specified by parameter Y.
Arguments: Y, Z, A.
Dimensioned Variables:

FLIS (4) FFLIST(4) YL(29)
FLIST(29,6) XLIST(4) ZL(6)
Common Variables: None.

Called Subprograms: None.
Calling Subprograms: FFUN,

Comments: Tabular data are contained in the array FLIST
as a function of YL and ZL. See Volume II for other

notation.
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FUNCTION ALCOM FLOW CHART

return

interpolate from
tabular data

Y

return

R = 1.241.5 AL/3

Y

B = 2,884 Z/R

Y

_ 4A(6.6442 x 10774

A+ 4

S

Y

1.05443 x 10714
5172

C =
(2SBx1.60206x10

Y

cy-1/2

T =

ALCOM = .01 7D (R + T)2

Y

return
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Function ALETH

Purpose: Averages the cross sections in the array SIG
over a 1/E flux to obtain cross sections in the group
structure specified by the program user.

Arguments: FELIM, SIG, I, J.

Dimensioned Variables: FELIM(44), SIG(43).

Common Variables: None

Called Subprograms: None

Calling Subprograms: FS

Comments: SIG is averaged from energy group I to energy
group J, inclusive. FELIM(K) is the lower energy limit
of energy group K-1 and is indicated in the flow chart

by EK'
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FUNCTION ALETH FLOW CHART

Yes
@ ALETH=SIG(I)

No |

return

Ex
E.

ALETH = ALETH + SIG(K) - log
K+1

No

K=J-1 K = K +1

ALETH = SLEEL

log f%

return
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Function COMNUC

Purpose: Computes compound nucleus formation cross
section for isotope of mass A due to incident neutron
of energy EN,

Arguments: A, EN.

Dimensioned Variables: F(22), G(22).

Common Variables: None.

Called Subprograms: None,

Calling Subprograms: FFUN, SIGGAL,

Comments: See Volume II for notation.
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FUNCTION COMNUC FLOW CHART

Yes

COMNUC =

0

No

return

3289 A4/3 g
AT 1

|

I |
x = Jx2 + 2.25 a2/3

L = 4 + integral part of x

Yes

15

No

SUM

I
o

compute V, and Vk

)
compute T£

\

SUM = SUM + (2£+1)Tz

<1

J

J +1

Yes

2/3
comvuc = 10-687 A

. SUM.10"

[
return
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SUBROUTINE DOS

Purpose: To compute the gamma ray dose and dose rate
at the distance RD from an activation source.
Arguments: RD,VOL,IR,NODOS,TS,REGS,NOGG,
LASTT,EGG,T
Dimensioned Variables:

C(18) E(18) T(200)
D(25) EGG(21) TS (50)
DR(200) REGS (20, 200) BX(12)

Common Variables:
CP: BX,IC,LEAF
Called Subprograms: PAGE
Calling Subprograms: MAIN
Comments: CONV is a conversion factor from gamma ray

3 photons-MeV/cmz-sec) to gamma ray

energy flux (10
absorbed dose rate (rad/hr) in tissue. It is computed
from the conversion factor array C, which is ordered
according to the photon energies listed in the array

E. The arrays C and E are provided internally in this
subprogram by data statements. Different units for the
dose rate can be provided only by rewriting a few of the
FORTRAN statements in this subroutine and changing the

C and E arrays. The array D is not used and could be

eliminated.
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SUBROUTINE DOS FLOW CHART

return

Yes
No

set DR(1) through
DR(200) to zero

1

M= 2
-
NG = 1

compute CONV

zZ =

(EN) (VOL) - REGS (NG, M)
1.2566x10° (CONV) (RD)*

=<
+

Y

DR(M) = DR(M) + Z

NG

NG + 1

Yes
No

write T(M), DR(M)

Yes
No
J =2
e
No

compute and print dose
from time TS(J-1) to
time TS(J)
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Function ENER

Purpose: Averages the cross sections in the array SIG
over a constant flux per unit energy to obtain group
cross sections in the group structure specified by the
program user.

Arguments: FELIM, SIG, I, J.

Dimensioned Variables: FELIM(44), SIG(43).

Common Variables: None.

Called Subprograms: None.

Calling Subprograms: FS

Comments: SIG is averaged from energy group I to energy
group J, inclusive. FELIM(K) is the lower energy limit
of energy group K-1 and is indicated in the flow chart

by EK‘
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FUNCTION ENER FLOW CHART

y
@ °s ENER = SIG(I)

r
return

ENER = ENER + SIG(K) - (Egy - Exiq)

No

K=K+1

Yes

ENER = -y

1 J

return
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Function EXMAS

Purpose: Computes mass excess using Wing-Fong formula

for nucleus specified by Z and A.
Arguments: Z,A.

Dimensioned Variables: B(5), C(5), D(5), E(5).

Common Variables: None.

Called Subprograms: None.

Calling Subprograms: XSCAL

Comments: Refer to Volume II for notation.
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FUNCTION EXMAS FLOW CHART

_A(1 + .003 A)
2+ .01 A

ZA

compute &

compute S

EXMAS = A(.0089794 A-2.0717) + 33.448

2 30.11 , 215.8 11.515%
+ (2-ZA)“(1.629 - =—=— + —) + =
A A JA

- S

\
return
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Function FFUN

Purpose: Performs integration of product of compound
nucleus cross section and level density over energy as
required by equations such as equation (46) of Volume II.
Arguments: J, TZ, TA, E2, El1, C, A, BEN,

Dimensioned Variables: None.

Common Variables: None,

Called Subprograms: ALCOM, COMNUC, PROCOM.

Calling Subprograms: SIGCAL.

Comments: J indicates the type of compound nucleus
formation cross section required, TZ and TA the Z and A
of the target isotope, E2 and El the upper and lower
limits of integration, C and A the level density parameters,
BEN the neutron binding energy.
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FUNCTION FFUN FLOW CHART

set up mesh points for
numerical integration

'

compute R and B

'

start integration
loop

A

compute level density p

Y

compute compound nucleus
formation cross section dc

No

last point

4,7836 x TA x FFUN

TA + 1

78

| El
FFUN fJ GC(E')p(EZ-E'+BEN)E'dE'
E2
No
J =2 ‘}
Yes
FFUN =
FFUN = 4x4,7836(TA-3)FFUN
TA + 1
return
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Function FISS

Purpose: Averages the cross sections in the array SIG
over a fission flux spectrum to obtain cross sections
in the group structure specified by the program user.
Arguments: FELIM, SIG, I, J.

Dimensioned Variables: FELIM(44), SIG(43).

Common Variables: None.

Called Subprograms: None.

Calling Subprograms: FS,

Comments: SIG is averaged from energy group I to energy

group J, inclusive., FELIM(K) is the lower energy limit
of energy group K-1 and is indicated in the flow chart

by EK'

79



FUNCTION FISS FLOW CHART

Yes
FISS = SIG(I)

No &
return
FISS = 0
!
T = 1.29 MeV
t
K=1

FISS = FISS+SIG(K) [(1+

E - /T -E, /T
_gTﬂ)eEKﬂ _(1+;K_)eF‘K J

No

K=J-1 K=K+1
Yes
FISS
E -5E./1 E -E. /T
1+ gde T -+ e |

l

return
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Function FS

Purpose: Integrates the flux times the group cross

sections over energy to obtain reaction rates.

Arguments: Z, A, INRE, LKEY, ISO.
Dimensioned Variables:

BX(12) FLXIN(43)
ELIM(43) GSIG(43)
FELIM(44) NA(10)

Common Variables:

CF: ELIM, FELIM, FLXIN, IFLX, IWT,

TFAC, VFAC.
CP: BX, IC, LEAF,
CQ: NLIM.

NLIM(43)

NZ (10)
SIG(43)
VFAC(lO)

NA, NOBG, NONV, NZ,

Called Subprograms: ALETH, ENER, FISS, PAGE, XLIB,

XSCAL.
Calling Subprograms: ISOCON

Comments: Z and A identify the isotope for which the

reaction rate is desired, INRE the
TKEY the croge section opticn, IS0

- A I od LLEY -

of the material. The array SIG is

type of reaction,

the 43-group cross

section set as obtained from the library or the input.
The array GSIG is the cross section set in the group
structure specified by the program user.
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FUNCTION FS FLOW CHART

set SIG,GSIG,
FS = 0,
G = TFAC

No

|
S lsotope

Ye

G = TFAC-:VFAC

Yes
LKEY = 2

o

call XLIB

SIG(1)=999
Yes

Yes
return LKEY =1

No

Yes

return INRE=11 thru 1

No
call XSCAL

l_«

SIG(43)=G-SIG(43)
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K = group number

Yes

r

GSIG(K) = SIG(43

GSIG(K) = ENER

thermal group

GSIG(K) = ALETH

last group

Yes

83

G

No

K=K+1




P

K = group number

Yes

r

GSIG(K)=SIG(43)

thermal group

group above

183 KeV

Y Y
GSIG(K) = FISS GSIG(K) = ALETH
Yes
G last group K=K+1
\/
K = group number
GSIG(K) = average o
SIG(J) in group K
No
last group K = K+1

Yes
H
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Yes \;"1
FS = ”k'gK'GSIG(K)'AuK
No
Y T
es _ ’ . .
FS = — By - GSIG(K) - AEy,
No

-

FS = M;J¢K-GSIG(K)
k

No

SSWTCH 3 down

Yes

Yes

No

write group
cross sections

Y

write FS

F

return
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SUBROUTINE GROUPS

Purpose: Computes total neutron flux integrated over
energy, adjusts the input energy limits and group fluxes
to be consistent with the NAP Cross Section Library, and
prints the resulting group energy limits and group fluxes.
Arguments: TFLX, which is the total neutron flux
integrated over energy.

Dimensioned Variables:

BX(12) FELIM(44) NZ (10)
ELIM(43) FLXIN(43) VFAC(10)
NA(10)

Common Variables:

CF: ELIM, FELIM, FLXIN, IFLX, IWT, NA, NOBG, NONV, NZ,
TFAC, VFAC.

Called Subprograms: PAGE,

Calling Subprograms: MAIN,

Comments: None.
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SUBROUTINE GROUPS FLOW CHART

Yes )
TFLX = ¢idu
No
Yes i
TFLX = }
No
TFLX = 2 Qi
i
Yes
IFLX = 5
No

adjust energy limits

old Qi
— 21 x new Aui new ¢i e —
old Aui old AEi

X new AE,
i

normalize new flux

lt

print IWT interpretation

Y

L_print IFLX interpretation

print group structure and flux

Y

return |
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SUBROUTINE ISOCON

Purpose: Sets up isotopic decay chains, computes
isotopic densities and gamma source strengths as function
of time.

Arguments: ZISO, AISO, ATD, LKEY, KM, ISO.

Dimensioned Variables:

A(5) EGG(21) RATE(5)
BX(12) E1(5,7) SOR(20, 5)
BR(6) F1(5,7) T(200)

CS (8) GAM(21) Z(5)

D(5) GNO (20, 5)

DENS (5) POWR(200)

Common Variables:

BS: EGG, LASTT, NOGG, POWR, SOR, T

CP: BX, IC, LEAF

Called Subprograms: FS, PAGE, RLIB

Calling Subprograms: MAIN

Comments: The write statements indicated on the flow
chart are performed only if sense switch 3 is depressed.
GNO(M,J) is the number of gammas per decay from chain
member J in gamma energy group M. SOR(I,J) is the number
of gammas per unit volume per unit time emitted in energy
group I from chain member J, and is time-dependent. ZISO
and AISO are the Z and A for the chain parent, ATD is its
initial atom density, and LKEY is its cross section option.
KM is a running counter of the number of chains for which
data are dumped on tape 2. ISO is the parent chain .

member's isotopic index in the region.
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SUBROUTINE ISOCON FLOW CHART

initialize

compute partial reaction
rates by calling FS

\
start loop on reaction type

P

call RLIB and set
up decay chain

select appropriate
reaction rate

A

write Z, A
in chain

compute Qi, Sj for i=2 thru 5

\

set up GNO(M,J)

dump Z, A chain on tape 2

write Qj, S;

compute atom d¢g§ities at time t

write time
and

densities

dump atom densities on tape 2

A
compute SOR(I,J)

dump SOR(I,J) on tape 2

-

No -7 last

~-_time in ter_y

L~
AHE,///Iast branch

in chain
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Subroutine NATDEN

Purpose: Obtains isotopic composition of naturally
occurring isotopes and potential scattering cross section
of all isotopes in region from NAP Cross Section Library.
Arguments: LKEY

Dimensioned Variables:

A0(20) 1Z(20) SPOT (20)
D(20) LK (20) X(250)
DEN(20) LKEY(20) 20(20)
IA(20) SIG(43) BX(12)

Common Variables:
CP: BX, IC, LEAF

R: DEN, IA, ISOR, IZ, R, SPOT, TEMP
Called Subprograms: PAGE, XLIB
Calling Subprograms: MAIN
Comments: LKEY indicates whether the material cross
sections searched for are input by the program user
or are in the Cross Section Library. XLIB is called to
initiate reading of data from the Cross Section Library
into allocated core storage.
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SUBROUTINE NATDEN FLOW CHART

initialize

Y

start loop on isotope index

l.F

search tape for right Z

not present

present

obtain 6?

No

input A=0

obtain correct A

Y

adjust atom density

v

increase isotope count

same Z

look at next
same A

cross sectiog

20 isotopes
in region

different A

different Z

No

last input
isotope

call XLIB

1

return
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Subroutine PAGE

Purpose: To provide pagination of output data.
Arguments: None.

Dimensioned Variables: BX(12)

Common Variables:

CP: BX, IC, LEAF,

Called Subprograms: None,

Calling Subprograms: MAIN, GROUPS, SHIELD, SETUP,
NATDEN, ISOCON, FS, RESINT, XSCAL.

Comments: The problem title is contained in the array
BX, which is printed at the top of each page of output.
IC is a line counter, LEAF is a page counter. Use of
sense switch settings to provide optional output will
usually result in some output pages without title or
page number,
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SUBROUTINE PAGE FLOW CHART

Yes

IC < 53

No

IC = IC -5343

Y

paginate

bt

write title

LEAF = F+1

<1 1=

return
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Function POLY

Purpose: Computes Legendre polynomials required by
subroutine SETUP. ‘

Arguments: N,X

Dimensioned Variables: None.

Common Variables: None.

Called Subprograms: None.

Calling Subprograms: SETUP

Comments: N is the order of the Legendre polynomial
required, X is the argument of the polynomial.
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FUNCTION POLY FLOW CHART

P WP ———p—, -

{0 =0
call EXIT N PN(x) = 1
>0
Yes
N =1 Py(x) = x P
No
Yes
N =2 PN(x) = .5(3%x2- 1}t
No
Yes
N =3 Py(x) = .5(5%3-3x) 3o
No
Yes
N =4 Py(x) = .125(35x*-30x2+3) |-
No=

Py(x) = & [(ZN-l)xPN_l(x)-(N-l)PN_z(x)]

}«

return
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Function PROCOM

Purpose: Obtain compound nucleus formation cross section
of nucleus, specified by Z and A, due to incident protons
of energy specified by parameter Y.

Arguments: Y, Z, A.

Dimensioned Variables:

FLIX(4) FFLIST (4) YL (39)

FLIST(39,9) XLIST(4) ZL(9)

Common Variables: None.

Called Subprograms: None.

Calling Subprograms: FFUN,

Comments: Tabular data is contained in the array FLIST
as a function of YL and ZL. See Volume II for other
notation.
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FUNCTION PROCOM FLOW CHART

No
PROCOM = 0
Y}.Z {
Yes return
No interpolate from
Y4 tabular data
Yes *
return
R = 1.5 AL/3
B =1.442 Z/R
g - 1.6742 x 10-2% A
A+ 1
* 1
c - _1.05443 x 107
(25B x 1.60206 x 10-0)1/
T =§',
_ R
D=1 - v

PROCOM = .01ﬂ’D(R-+T)2

Y

return
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Subroutine RESINT

Purpose: Computes effective resonance integrals from

resonance parameters.
Arguments: E, G, GAMG, GAMN, GAMF, RI, I.
Dimensioned Variables: BX(12), IA(20), DEN(20),
SPOT(20).
Common Variables:
CP: BX, IC, LEAF
R: TIA, ISOR, IZ, DEN, R, SPOT, TEMP
Called Subprograms: AJ, PAGE
Calling Subprograms: XLIB
Comments: See Volume II for notation.
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SUBROUTINE RESINT FLOW CHART

compute I', G,
Zp’ Iprs Amax

1

J=J+1

< Anay l
Gmr Gm
B = o B = e—
ao*y °o
——
compute £

Y

RI = %o J(E,B)

down
write RI

up

return
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Subroutine REVLIB

Purpose: To provide for future internally calculated
cross sections to the NAP Cross Section Library.
Arguments: Z; A, IN, SIG.

Dimensioned Variables: SIG(43).

Common Variables: None.

Called Subprograms: None.

Calling Subprograms: XSCAL.,

Comments: This subroutine was never programmed and
consists solely of a return statement. Therefore, no
flow chart is included here.
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Subroutine RLIB

Purpose: Reads decay data from FORTRAN tape unit 10,
Arguments: J3, Z, A, GAM.

Dimensioned Variables: GAM(21), X(252)

Common Variables: None,

Called Subprograms: None.

Calling Subprograms: MAIN, ISOCON,

Comments: Z and A identify the isotope for which decay
data are required. J3 is a decay chain branch indicator,
The decay data are transferred to ISOCON by the array
GAM. If the decay data are not found, GAM(2) is set
equal to 999. To avoid excessive tape reading time,
twelve sets of decay data are stored in core at any
one time, The initial reading of this data is accom-
plished by setting A equal to 999.
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SUBROUTINE RLIB FLOW CHART

read decay data
into core storage

Z,A in
core range

decay data
present

obtain decay
data

read decay data
into core storage

GAM(2) = 999 >

l¢

return
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Subroutine SETUP

Purpose: Set up angular ordinates and quadrature weights
required by SHIELD.
Arguments: IGEON, NOANG, L1
Dimensioned Variables:
A(10), AK(10,10), AL(40), AMU(10), BX(12)

Common Variables:

CP: BX, IC, LEAF

SH: A, AK, AMU

L: AL

Called Subprograms: BLOCK DATA, POLY, PAGE

Calling Subprograms: SHIELD

Comments: The array A consists of the quadrature weights,
AMU of the angular ordinates, AL of the set of possible
weights and ordinates, and AK of the K matrix defined

by equations (25) and (26) of Volume II. L1 designates
the desired quadrature scheme. The subprogram BLOCK DATA
is simply a single data instruction inputing the set of
possible ordinates and weights.
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SUBROUTINE SETUP FLOW CHART

set up Lobatto
a; and Hy

a—

IGEON = 0

Yes

set up Legendre—]
~ (N J

set up Ki'

J

+

return
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Subroutine SHIELD

Purpose: Perform neutron transport calculation, set up
average regional group fluxes, and print flux.
Arguments: NOBG, NOREG, FLXIN, FLX, NISO

Dimensioned Variables:

A(10) BX(12) SIGS(20)
AFLX(100,10) BUM(10) SIGSL(20)

AK (10,10) DX(20) SIGT(20)
AMU(10) FLX(860) SLD(100)
ANINT(20) FLXIN(43) SRS(100,10)
BLFX(100) NINT(20) X(101)

Common Variables:

CP: BX, IC, LEAF

SH: A, AK, AMU

Called Subprograms: PAGE, SETUP

Calling Subprograms: MAIN

Comments: AFLX(I,J) 1is the angular flux at the mesh
point I and angular ordinate J. The quantity AFLX(J)
referred to in the input data is really AFLX(1,J).
SRS(T,T) is the source term at mesh point I and angular
ordinate J defined by equation (16) of Volume II, FLX
is a one-dimensional array which specifies the average
flux in each group and each region, The array is ordered
by increasing region number. Within each region, the
array is ordered by decreasing neutron energy. Output
is dependent upon the value of input variable IOUT.
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T P-4 4940090000009

SUBROUTINE SHIELD FLOW CHART

Ll =0

¥

read card #7

NOANG =
NOANG - 20

Yes

No
Ll =1
call SETUP

AFLX,SRS = 0

No

first group

i

read cardﬁ#lQJ

read card #8

4

set up mesh

Yes
NISO=0

!

AFLX(1,J) =
0.5FLXIN(IGR)

No
I read card #9 |

AFLX(1,J) = AFLX(J)-FLXIN(IGR)

_—

©

106

write cross
sections & AFLX(1,J)




compute SRS

Y

compute angular flux
in forward directions

Y

compute angular flux
in backward directions

compute flux at
each mesh point

No

converged

Yed

No

5 iteration

Yes

T
compute slowing
down source

write angular
flux

compute average
flux in each region

last energy
group

Y

return
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fluxes
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Function SIGCAL

Purpose: Computes 6(n,«), 6(n,p), or 6(n,2n) at energy
E given level density parameters, binding energies, and
Q values.

Arguments: Z, A, E, N,

Dimensioned Variables: None.

Common Variables:

CX: AA, AN, AP, BEA, BEN, BEP, CA, CN, CP, QA, QN, QP,
Called Subprograms: FFUN, COMNUC,

Calling Subprograms: XSCAL,

Comments: FP, FA, FN, FP*¥  FA*, and F2N are computed
using equations (46) through (51) of Volume II, respec-
tively. The argument N identifies the reaction type.
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FUNCTION SIGCAL FLOW CHART

No
FP = 0

Yes

= FFUN

= FFUN
FA+FP> 0

or E-BEN> 0 SIGCAL = 0
return

[ v

compute FP* 1 compute F2N

compute FA I
> p—

SIG = COMNUC
Z 4 STGCAL = SIG-F2N
FP+FA+FN
3
SIG.FA™
SIGCAL = SIG-FA
FP+FA+FN
SIG.FP"
——s1GCAL = SLE:
FP+FA+FN
return
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Subroutine XLIB

Purpose: Reads cross sections and resonance parameters
from FORTRAN tape unit 1 (data supplied by program user)
or tape unit 8 (NAP Cross Section Library), and initiates
resonance integral calculations.

Arguments: Z, A, I, SIG, LKEY, ISO.

Dimensioned Variables: SIG(43), X(250). .

Common Variables: None.

Called Subprograms: RESINT

Calling Subprograms: FS, NATDEN

Comments: Z and A identify the isotope for which the
cross section is desired, I the cross section type, SIG
the cross section array, LKEY the cross section option,
and ISO the isotopic index. The initial reading of data
from the library into core storage is accomplished by
setting A equal to 999. If the desired cross sections
are not found, SIG(l) is set equal to 999.
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SUBROUTINE XLIB FLOW CHART

Yes
A=999

read cross sections return

into core storage

No

FI = 1

cross section
in core storage

cross sections
present

No

read cross sections
into core storage

return

1

SIG(1)=999

l

obtain cross sections

obtain resonance

Yes
FI=100 FI =1
No
Yes
FI=200 FI = 11
No
return

parameters

Y

call RESINT

Y

obtain cross sections

Y

return
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Subroutine XSCAL

Purpose: Controls calculation of cross sections and
contains 6(n,<Y) calculation.

Arguments: Z, A, IN, SIG, LK, IS0,

Dimensioned Variables:

BX(12) FLXIN(43) XSIG(10)
ELIM(43) NA (10) VFAC (10)
EN(10) NZ (10)

FELIM(44) SIG(43)

Common Variables:

CF: ELIM, FELIM, FLXIN, IFLX, IWT, NA, NOBG, NONV, NZ,
TFAC, VFAC,

CP: BX, IC, LEAF

CX: AA, AN, AP, BEA, BEN, BEP, CA, CN, CP, QA, QN, QP.

Called Subprograms: EXMAS, PAGE, SIGCAL, REVLIB.

Calling Subprograms: FS

Comments: Z and A identify the isotope for which the cross

section is desired, IN the reaction type, SIG the cross

section array, LK the cross section option, and ISO the

isvioplic index,
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SUBROUTINE XSCAL FLOW CHART

No
IN< 5 SIG = 0 p—»1 return
Ye
No
IND 1 :
Yes l

compute binding energies
and Q values

compute
epithermal SIG

Y

compute level
density parameters

Y

compute SIG by
calling SIGCAL

'

compute
thermal SIG

SSWTCH 2 down

write SIG

No

call REVLIB

return
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Subroutine XSIN

Purpose: Places cross sections input by program user on
FORTRAN tape unit 1 in format required by subroutine
XLIB.

Arguments: None,

Dimensioned Variables: X(250)

Common Variables: None.

Called Subprograms: None,

Calling Subprograms: MAIN

Comments: None,
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SUBROUTINE XSIN FLOW CHART

return

read card # 19

Yes

NX<0

write 5 cross section
sets on tape 1

4

read 5 cards # 20

No
last set

Yes

return
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VII. PROGRAM LISTING

This section gives a complete program listing of the
main program and each subroutine. The entire program is
written in the FORTRAN IV language, version 13. The listing
of the main program is given first, followed by the listings
of the subroutines in alphabetical order.
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s NaXs]

DIMENSION RX(12) sELIM(43) vEGG(Z1) oFLXTN(43) sFLX(860)4T1(50)+TS(50)
1+POW(50) yNINT(50) 4T(200) sPOWR(200) oFFLIMI44)412(20)91A(20) 4DEN(20)
2!;KEY(20)gREGS(ZOvzﬂo)qZ(S)9A(’)9U‘5i9509(2095)'N2(10,'NA(10)!
AVFACLLO0) oKMAX (20) 4 VDL (20) ¢RD(20) ¢NLIM(43) +SPOT (20)
COMMON /BS/ NORGGLASTTLEGG4T4PUWR4SOR
TEOMMON ZCF 7 NORGIELIMaFELIMIFLXIMINZ yNASVFAC G NOANV (TFACSIFL X4 IWT
~COMMON /CP/IC4LEAF +8X
COMMON /CQ/ NLIM
COMMON /R/ 1SORs 1Zs 1Ay DFENs SPNTe R, TEMP
FLUXN = cONSTAMT FLUX NORMALIZATION FACTOR
_ NOBG = NO OF NEIJTRON ENERGY GPOUPSs LESS THAN 44
T UUNAREG = NO OF SPATIAL KEGIONSe LESS THAN 21
NAGG NO OF GAMMA ENERGY GRN1IPS, LESS THAN 2)
NASS NON=7ERN IF SELF=SHIELNING IS REQUIRED
_ NTSO = NON=zERQ IF FLUX IS ANISOTROPIC AND NOSS NON=7ERD
CALL RLIR()41,4999,+FGG)
_TFLX = 0,
1 READ (54901) (RX(I)e13),412)
901 FORMAT(12A6)
LEAF = ]
1€ = T0
CALL PAGE '
READ (5,902) FLUXNJNORG,NOREG(NOGG4NNGS NISOZIFLX,IWT
902 FORMAT (E12,5,716) ' '
1C = 1C+3
CALL PAGE
WRITE (6+903) MOBGsNOREGINOGG
903 FORMAT (//1AaH THERE ARE,I5,24H NEUTRON ENERGY GROUPS,¢15,14H RFGI
10NSe ANDe15+21H GAMMA ENERGY LROUPS )
“TF T(NOSS.LE,0) GO TO 2
1C = IC+]
WRITE (64904)
904 FORMAT (43H NEYTPOM SFLF=SHIELDING wILL BE CALCyULATFD )
IF (NISN.LF,0) &0 7o @2
WRITE (64905 u
905 FORMAT (34H THE INCIDENT FLyX 15 ANTSATROPIC )
1C = IC+]
2 READ (54906) (FLIM(I)e1=14MOBG)
906 FORMAT(6E12,5)
IF (IFLX+FQ.5) RFAD (5,933) (NLIM(I),71=]1,NOBG)

_FORMAT(2413)
K = NOGGel
1C = 1C + 3
WRITE (64920) FLUXN
920 FORMAT (/34K THE FLUX NORMALIZATION FACTOR 15 1PE15.8/)
READ (54906) (FGG(I)eI=l9K)

_READ (5,906) (FLXIN(T),1=14NORGY |

$ 1t n

933

SET UP THE CROSS SECTION ENERGY LIMITS FFLIM
FELIM(&4) = 1,F7
FELIM(1) = FELIM(G)REXP(,T5)
FELIM(2) = FELIM(4)®EXP(45)
TFELIMIIY B FELIMIA)¥FEXP (,25)
1 =25
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o= ,2%
12 FELIM(UT) = FFLIM(4)RFXD (=)
1) 2 U+.25
1 = 1+
1F (1.LT,18y G0 YO Y2
= 3.0
13 FELIMIT) = FELIMLG) H#F X (=l))
= 1+ 4%
1 = 1+1
1F (1.LT,44) o0 ITn 13
FELIM(44) = 4001
CALL GROUPS(TFLX)
1IC = 1C+NOAG+R
CALL PAGE
WRITF (64909}
909 FORMAT (//2eH FAMMA FNERRY GROIIP NN, 10Xs26H LNOWFR ENFRGY LIMITY
1(MFV) )
NO 4 I=14K
J=1 =1
4 WRITF (&49r8) 4eFGGIT)
908 FORMAT (14Y, 16y 18Xs 1PF14e7 )
IF (MOSS.LF.0Y 6 T 38
CALL SHIFLDP(MORG MNRFG,FLXTNGFLX GNTSO)
GO Tn 31
3% 1F (NOSS,FEA, 0y AN TO 3e
no 3 1= 4 NNRG
3 FLX(TI)Y = FLXIntl)
KP = NORGHMORFR
MP = NNKG + )
PEAD (%4906) (FLY(T)4ITHPKP)
TFLUX = TFI X
NO 42 JE24M0PFC
NO 45 I=1l+MNRG
KP = (J=1)aNPREG + 7
4] FLXIN(I) = FLx(KP)
CALL GROUPSI{TFL X)
42 CONTINUE
TFLX = TFL1tX
O TN 37
36 NN 40 U] MNRER
nNQ 40 1=14NORG
MP = (J=l)&NORnR + 1
FLYX(MP) = FLXIM(T)
40 CONTINUE
37 kP = NORG#NORFCG
No % I=lskp
S FLX(I) = FLUXN®FLX(T)
READ (54924) TFACMOMY
924 FORMAT (E12,5%414)
1C = ¢ + *
CALL PAGE
WRITF (£4926) TFAC
926 FORMAT (/7 oH UMIT A =,1PE1l4.T)
1F (NONYLLF.") GO TO 109
READ (54928) (NZ(1) o NALTYVFACKT) 412y NONY)
925 FORMAT (3(?21FKF12,5))
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DO OO0

1€ = lc+2+NOMY
CALL PAGF
WRITE (6+927)

927 FORMAT 1/10Xs2H Z45Xs2H AgBXe19H NMON 1/v FACTOR
NO 38 I=14MONV

38 WRITE (69928) NZ(1)4NALI) 4 VFACID)

928 FORMAT (AXeI3+43Xe1398Xe1PEN4G,T)

109 READ (54910) NOPERWNODOS

910 FORMAT(216)

NOPER
NODNS

NO NF PERIONS OF EQbtAL TIMFE IMTERVAL S, LESS THAN 51

TT = LFNGTH OF EACH TIME PERINN IN HOURS
TS = TIME (IN HOUPS) AT WHIcH DOSF calLCs STARTS OR STNPS

READ (54906) (POW(I)sI=1eNNPER)
READ (®%¢904&) (TI11)41=14NOPER)
READ (54911) (NINT(I)e131.MOPER)
911 FORMAT (1214)
READ (5,906) (TS!1)4151,NNDNOS)
LASTT = 1
N0 & I=14NOPEP
6 LASTT = LASTT+MINTID)
1 =1
J = 2
=]
T(l) = 0.
POWRI(L) = POW(1)
T NT = TI(L)/FLOATININT(T))
8 T(y) = DT + T(y=1)

POWR(J) = POW(T)

K 2k + 1

g = Sl ‘
1F (K LEJNINT(1)) GO TN 8
1 = 1+)

K =1

TF (1.LE.NAPER) GO TO 7

CALCULATE THE TNTAL FL1X

10 TFLX = FLUXN®TFLX
1C = IC + 5
TCALL PAGE
WRITE (e69912) TFLX
912 FORMAT(,/90PH Ig0TAPIC CONCENTRATIONS ARE CALC_LAYFD AY THE FnLLnw!
ING TIMES AND MPRMAL1ZFN POWER LEVELS /444 THFE POWER 1S NORMAL1ZfFD
2T0 A TOTAL FLUX OF 431PF1447/10%s14H TIME INTERVAL ,5X,13H TIME (HOy
3RS)+10X412H POWFR LEVEL )
J=0
WRITE (64913) JyT(1)
913 FORMAT(13X,15410X41PE14,T)
NO 11 K324.LASTT
J = J*l
1C = IC + 1
"CALL PanE
11 WRITE (64914) JeT(K)4POWR(K)
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914 FORMAT(13X,15410X,1PE14,T49XeEL4,T)
CALL XSIN

THE LOOP NN THE KEGION MUMRER TR STARTS HERF
1SOR THE NO, OF INPUT 1SOTNDPFS TN TH1S REGION
_172(1y = 7 FoR THE IYH ISOTOFE
1A(1) = A FNR THE ITH JSOTOFE
DEN(!)Y = AtoM DEMSITY OF THE TTH 1snTOPE IN INITS OF E+24

VOO OO DO ODIOOOD

IKEY(T) = 0 IF CROSS SECTION NOT tN LIRPARY SHAULN RE CALCHLATED
= 1] 1F CPnSS SECTION sSHNULD NOT BE CALCULATED
= 72 IF CrNSS SECTION SHAULN ALWAYS RE CALCULATED
= 3 IF CRNSS SEFTION 1S SuUpPLIEN
IR =1

14 READ (549]18) ISOR,PGTEMPVOL(IR) 4RD(1IR)
915 FORMATI(112,44F17,5%)
IF (ISORLLF,0) 6N Y0 140
1€ = 6l
CALL PAGF
WRITE (64907) ISNRs TR, VOlL (TR)y Ry TFMP
907 FORMAT(///10H THERE APF415431H ISOTOPES NR FLEMENTS IN REGINNe14 /
1 21H THF RFGIOM VOLUME TS,1PE15e8e3H €C/30H HALF THF MEAN CHORD LE
2NGTH 154F15,843H CM/1GH THF TEMPFRATURF 15¢FE15,847H DEG F,/)
READ (Re916&) (T7(1) o YA(T)4IKEYUI)enNEN(T)aI=1,41S0R)
916 FORMAT(I{213416eF12,:5))
CALL NATDFMN(IKFY)
1C = 1C+4+1S0R
CALL PAGE
WRITE (64917) 1R
917 FORMAT(//37H THF INITIAL ATOM DENSITIFS IN PEGION,I5,5H ARE/14X,
12H Z+8X92H AsbXe20H ATAM DFNSITY (E+24)¢5Xe?1H CRASS SECTION APTIOD
2N )
N0 15 I=1,150F
15 WRITE (6+918) 17(1)eJACT)YeDENCLYWIKEY(])
N0 16 1=1,4NORG
KP = I+NORGOH(IR=1)
16 FLXIN(T) = FLXIKP)

1 =1
17 ZI1S0 = 17(1)
AISO = IA(D)

ATD = DEN(I)
LKEY = IKEY(T)

CALL I1SOCON(71504,ATSO4ATDWLKEYKM,T)
KMAX(I) = kM
1 = 1+l
1F (L1J.LELISNR)Y GO TO 17
END FILF 2
REWIND 2
1C = 53
CALL PAGF
WRITE (5+919) IR
919 FORMAT(//4%H THE ATOM NENSITIES (E+24 ATNMS/CC) IN REGIONeT4s5H A
1RE )
1C = IC + 4
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18
19

120

930

no 19 J=1,200

NO 18 NGS14NOGG

REGS(NGsJ) = O,

CONTINUE

131
KK = KMAX(]) o

IF (KKJLE,0Y GO0 TN 145

N0 140 K=1,4KK ,

READ (2) I"IM’TMAXQ‘Z‘M)QA(M)'M=].[MAX,

1C = IC + &

CALL PAGE

WRITE (649300 K |

FORMAT(//14H CHAIM NUMBER+I3//713H TIMF (HOURS) +5Xe25H 2 A
1ATOM DENSITY )

NO 135 Js2.LASTT

READ (2) (N(M) Mz145)

READ (2) ((SMR(MyMM) (MZ14NOGG) sMMEIMIN, IMAX)
1€ = 1C+3

CALL PAGE

921

929
125

130

13%
140

145
147

922

923

WRITE (64921) TtJ)
FORMAT(/1PF15,7/)

DO 130 MSIMIN,IMAX

TZ(MY = IFTIX(Z2(MY+,5)

TA(M) = IFIX(A(M)+,5)

1C = IC+1

CALL PAGE

WRITE (64929) 1Z(M)aTA(M) (M)

FORMAT(19X427441PE15,7)

N0 125 NGE],NOGE

REGS(NGsJ) = REGS(MGeJ) + SORING M)

CONTINUE

CONTINUE

CONTINUE

1 =1 +1 ,

IF (1oLEL.ISOR) 6n Tp 120

1C = 70

CALL PAGE

WRITE (€4922) 1P

FORMAY (//37H THE PHOTOM SOURCE STRENGTH IN REGION,I4,3H 1S//31X,
1 15HSOURCE STRFNGTHe36X4SHOAMMAL 14X 6FNERGY 735X THNENSITY 12X,
2 14HENERGY pFNSITY,8X415HSNURCE STRENGTH,£X ¢ 15HSOURCE STRENGTH/

3 115H 7IMF(HOURS)  ENERGY GROUP  (pHOTONS/CC=SEC) A G
4MgV/CC=SEC) (PHOTONS/SEC) (PHOTONS=MEV/SEC) )
1IC = IC + &

NO 155 U=2,4LASTTY

DUM = +S5¢RFGS(1éJ)R(EGG (1) +EGG(2))

PUML = yOL (TRYREGS (19 )

nUM2 = VOL (IR)«#nlIM
¢ = IC ¢+ 2

CALL PAGF

WRITE (64923) T(J)+REGS (14 ) enUMeDUIMY (nuM?2
FORMAT(/IPF14.7q5X’?H l111X9E19|709xOFIQ.708XQE14;7|7XQE1407’
1F (NOGG,LF.l) GO TO 155

DO 150 NG=2,MOGG

UM = S5HRFGS(NGeJ)#(EAGING)+EGR ING+]))
DUM1 = VOL(IR)“REGS(NG,J)
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DUM2 = vOL (IR) #NUM
1C = 1C + :
CALL PAGE .
150 WRITE (64935) NGeRFHRS(MGeJ) sDUMsNUM] ynUM2
935 FORMAT (14X 41T 411X g PF14,T49X0E1%:T48X,E14,T4TXeE14,T)
155 CONTINUE
"TALL DOS(RT(IR) 4VOL(TR) 4TR4NONUS \TS4REGS(NOGG,LASTTFBG,T)
160 1R = IR + 1}
REWIND 2
REWIND 8
REWIND 10
IF (IRJLFLMORFG) GO TO 14
REWIND 1
60 TO 1
END
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30

10

-
>» N

20

25

FUNCTICD L (YT WPFT)

NIMENSTIGE PUI27410)

PAYTA (('J(qu)vJ Lo17) 15Tl /407 94407, 4494, Qe 3In494 , P 040496, T
IRI, 2081 793RY 4474351, 39200 40?09 19248 Te2824 5488040, 4.15( 1
91"’)371’ ,#.191"uo()917'*-Q’=“17r07q’%O 7q178079’70vﬂ91?‘00§9’.7“ o
:«174 Jal?a, 9: “7489,93,0F,77,38 31,8P,12,81,02 R7,96,87,92,

q-a’ PuyT3, %&o 0‘»63 19.67 JTA0k2, %2’69 iqs'? 316? ?Soh? ?lo
b? '89»7 ‘5.67 77.4“ l794b @:QO Rqﬁh 34446 199““ 1?144 07.#4 L03,
Q6.97Q‘h-1)93’-f9117.’9310ﬂ1 Y, ‘1-?1c41031o33071.?6911'?19170510
CT,59,74,7:,72 84 D20 607,22 &n, 00 B8y 22,32,22 723,22,17,30,468 21,51
91? 6:9]7 41~1F 7Hv1‘ 38!16 ]4.1H ﬂa.lq 97915 7&9?1 67916 760
14, “311‘ Pl-lr O&Ol’ $“011 \1911 ‘891‘ ’9’
ﬁaTA (([J(Iql)vl-l.!“)qt 1" ?\/‘".391?oﬁﬁv10.74~q-71809.11093;739
n.oaaqn,anan,l7q,p,377s!1 “Hher NBYGT R154T7 7874 ,42046,372,
6, 1070% €54 02305 74447, 197,48 ”‘4»“ \4? 6,9V404 62444 ,4Y044 ] ?6Ro
«.l%ﬂqh.(:;q%.nn7q+.ﬁpnn3 e 68 L'q\,71’101A9’i n2 79°.q1lv?.n?50? 159

442,706,700 000 2 007,946,100 1 R29,1,TRT 1,74, 1, T\?,

5 1 6 791 (’nql ‘GM ' ]3001,ﬂ7nq1.”%301.03301.016¢1,9°20,99040;9805

6 ‘9,»2’.J ne oy, '7577,%671Q,SGQQQ.‘5399.%48ﬂ9.5445..<40ﬂ§;§3769

7

2]

9

O D~ T WA =

D e

(5

.‘3308$ 20413, "’7’69 r(}):;9.?8911!.9”"'70.?“6»3'.?851‘;?%4’.283]'.7321'
N PPN P DU 0 2 U AP IO DA Yrede . Vnea voERE trEA Aene
W o OT4R2 N TART L 0L 24 07413 4o 074N 07368, N30 07151,.01175/
naTa “f,(1~|)~i'l-1ﬁ)-r 231?”)/ AIT739, “37?50.0’7‘20 037?ﬂ0 nN372e
1 2037234003720 4.007? .-0371ﬂ-.05v?ﬁa.n1n71s.niavno.nlasq ?“.nlasa
2 ,24,01rkT, "0 " Vage, osts..nnna:n ,NNa18k, 000355,,0N0362, 0N9386N
3 4,0093000, Mot4as Alg3ats, 00034k, LN034442% 0840420, 0046700 30

4 nOib7f!3’-0P4Q779](“ 1624/
IF ("ETV LT TN ) e o B
Ay = Ly370070r0 1A

PFYURN
H' (Xlolrolo‘ r(\ (L‘» 1“
IF Ol Terd,r 00 70 53

TP (RET2,LFanar,y (0 T 10

A = 1eET0P enoTinr sl +RETAY)

Ry TIIRN

2 = ALOL (XY,

AY = (1), ,%13%+a1 n6(PYTAY)/0,69315

Y, - AY‘:}*] .[;';ﬁﬂ

MM 2 =0, 0242 1,957947+,713690%4707-."0255944 Ju707+ys (. 29404 ,002TRY
1 Ble OOIN2RTRTINT, D0329Qah7a747 ) 4 ¥y (a, N02738R+,001287847 -
? .u"L94=07¢7-,hﬂo]1«6397*7%7),yﬁyuyﬂ1 E-OAQ(-].7q41 9-&6&3“l+
3 2.0 enleTe 006 RGBT 0D

FTA = 1, + pYO(niiM)

A = La " T2 uFTA/eGEY (BFTAD (], +PEvry )

RETUPN

TF (O 14GTa0ane) £O Y0 20

NM = 2 8BFTA + 1, 77245y

Ly = 17724790, TT24S+x 1/DUMy #0UR

RITURN

TF (X14GFaCaY) BN 10y 28

1IF (RETA,GTY.233%,) AN TN 1A

Go 10 10

Ak, =lALNS(PEYAY4YL 513y /0,691y

IF (MK LTeNyy) 6N TG 14

1k = AK
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Xt = 10,087

AaK = IK

RAK = AK = AN

Axt = Ix1

RX1 = 10,08#X1 = AXt

Al = BTk + g IX T 4R (T (BI(IK« Ty T+ )= J(TU+1,IXT))
Ag2 = Byl T X +RXI#(AJlIv 241X T+ ) =R (Tk+251X1))
Ay = AJl + RAKR(AYD=AJY)

RETUKN

Fan
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201
202

20)

m & W N

o o —-N o

O VLW YO RSLN»

%uumml_&mmsz i
IMENSION YL(29) oZL(6) eFLIST(29¢6) oFFLIST(4) o XLEIST(4)FLIS(4)

BLIF(PyQyReSeT) B ((QuP)®(SeT)/ (RuQ)4+S)
IF (Y.6E4(,2)) GO TO 202

ALCOM = 0, P

RETURN »

1F (Z,LT,(04)) GO TO 201

1F (Y.6T,3,) GO TO 300

L) = .2

DO 203 132,29
YLII) = YL(I=]))e,
L(l) = 10, .
IL(2) = 20,

2L(3) = 30.

IL(4) = 50,

IL(5) = 70,

ZIL(6) = 90,

1]

DATA C(FLIST(10J)9181429)¢J=103)/79,E»7¢4001790,061045912:4706470
12.5.19.2025|6'31.6'37."‘ngbbg .50;.53"55.'51;058. 059| Q59.5060.‘0
'605806103'61|606201062|5063,063.5064.028.6Eﬂ1105“.5-69.001560
.051-55602.7908.1015;9a20.5.5390403041;053.058.063;068.072.,75.0
77.079259814082,5084,4085,60¢87,988,3089,6090,8¢91,9¢76,E=13,
37;[-0.595['6050063|;156010330595’1“0302415’36n0“60|55;'63;’7°"
76:051.086.069;7093.7097.9100.2.103;0105.5n107.7'11059112;30114.5
v116,5¢118,3/ _ . _ '

DATA ((FLIST(I0J)o121029)eJ24e6)/64:Em21962,E~13¢12,3E=84,000148,
10173403903,23¢9,402%,1040,053,¢6%,076,086,095,0103,4111,4118,5,
125,.50131,50137,501043,0148,0¢152,0155,60159,49162.0164:94167,6¢0,¢
36;8716063i5010061.‘-7-.002490;13291.9“010.3025.4062.060.0705069.
0101.0113:0123,013140140,0148:0155,50163,34168,9¢17349¢178,6,
182,9¢186,9¢190,60194,6197,2¢0,¢35,E019042,Enl2:¢46,E08+,00042,
.046i1.21012.302557065.066.08550103§'117;0130.9142.1153Q0161.o
111;QIGZ.0191.1200|!206.50212.50217.70222.5'226.9!231.10234.9/

IF (Y LT4YL{29))-GO YO 1

K = 27

G0 Y0 2 '

IF (Y.GT,YL(1)) GO YO 3

K s

KK » 2

60 10 9

Do 4 131429

IF tY,LE,YL{I)) GO TO 5

CONTINUE

1 829

1 2 1=}

IF (1,LE.37) GO Y0 6

K= lel

GO 70 7

IF (1.6E,2) GO YO 8

K =1

KK = 3

G0 10 9

K 8 le}

KK = &

I1F (2.,LT.2L(6)) GO TO 10
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10
11
12
13
14

15

16
17

18
19

20

n
-

23

24
25
26

27
28

L =5
60 10 11

IF (Z,67,2ZL (1)) GO YO 12

(I |

LL = 2

60 Y0 19

DO 13 I=®l.6

IF (2.LE. 2L (1)) 6O TO 14

CONTINUE

1 36

I = Jel

1F (1.67,4) GO Y0 15

IF ((1=1)=1) 16418418

L 2 1=}

G0 YO 17

L =1

LL =3

GO 10 19

L 3 le}

LL = &

J1 =1

J3 = LL*Lw]
Jé s L

KA & K+KK=]

DO 20 JAsKKA
XLIST(I) =& YL(L1A)
1 3 1)

1 2 lel

KB =0

60 70 22

¥R = KBe)
FFLIST(KB) = DUMMY
1 =1

DO 23 1A 3 KeKA

FLIS(I) = FLIST(IAWJ2)

1 3 te]

1 =2 1a)

J2 = J2e+l

IF (J2aJ3) 24,424,425
ASSIGN 21 TO MAIN
GO T0 30

ASSIGN 26 TO MAIN
60 YO0 30

KB = KB}
FFLIST(KB) = DUMMY
N = kKB

X =2

1 =1

DO 27 KC=L+J3
XLIST(1) & ZL(KC)

1 = 1) :
DO 28 I=1.KB
FLIS(IY = FFLIST(])
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ASSIGN 29 TO MAIN
60 YO 30
29 ALCOM # 0,01¢DUMMY
RETURN
30 IF (XeXLIST(N)) 32+31,31
31 1 = Nel
G0 Y0 37
32 IF (XeXLIST(1)) 33:33434
331 s
60 YO 37
34 DO 3% 131N
1F (XeXLIST(I1)) 36036435
35 CONTINUE
] 3N
36 1 = lel
37 DUMMY = BLIF(XeXLISTCT) oXLIST(I®1)oFLISII)FLIS(I*]))
GO TO MAINe{(26421+29)
1,2 ¢+ 1,58(A0#,333333)
2,88497/R
Q. 0ARG,6442Em24/1A%4,)
1,05443F«14/7(SQRT(2,854B2],60206E=06))
C/78SQRY(Y)
1.=R/7(Y#(R*T))
ALCOM 3 ,0314164Da(R+T)(R*T)
RETURN
END

300

D40 LI®DO
HaBuEwH
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10

FUNCTION ALETH(FELIMsSIGaI0d)
THIS SURRKOUTINE AVERAGES CR0OSS SECTIONS OVFR A 1/E FLUX

DIMENSION FELIM(44)s S1G(43)

M=z =l

IF (1.EGeM)Y GO TO 1N

ALETH = 0.

NO 5 KslM

ALETH = ALFTH+SIG(K)#ALQGIFFLIN(K) /ZFELIM(K+1))
CONTINUE

ALETH = ALETH/ALOG(FFLIM(IY/FELIM(M))
RETURN

ALETH = SIG(])

RETURN

END
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K_DAYA

COMMON /L/AL

DIMENSION AL (40)

DATA (AL (1) e121440)/¢57735027¢,861136314,339981044,932469514.66120
193994238619194,9602898604796666481+,525532414,183434644,97390653+,8
26506337¢,679409574¢43339539,,1488743491,4¢444721441,4,7650554,28523
320149,34785485,,65214515,,207400654,360761574,46791393,,10122854.,
422238103+¢431370665¢+362683784,06667134,414945135,,2190863644269266
572¢4295524224,166666674,83333333,,066667.,378475,,554858/

END
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203

204

205
202

208

FUNCTION COMNUC(A4EN)
SUBROUTINE FOR COMPOUND NUCLEUS CROSS=SECTION

DIMENSION F(22)+G(22)

AREAZ (70,68T)® (A##0,66667)

1F (EN§LEGO.) GO TO 206

SEX 3 ,3289¢((A261,33333)/(1,+A))aSQRT(EN)

BEX = SQRT(SEX#e2 ¢2,288(A000,6666T))

L 2 4¢IFIX({SEX)

IF (L.6GT,15) L=15

Kz e2

SUM = 0,

D=0,

a=l,

Cs8,

DO 202 Js2.K

G(1) =0,

6G(2) =0,

G(3) =1

F(l) =),

F(2) =1,

Ft3) =1,/SEX

Adzy.

1F(Je3) 20342034204

Vel 7 (FlJ)aa2 «G(J)oa2 ) o

VPa(],7(SEXO#2 ) )2 ((SEXQ82 )8 (F(Je])002 «G(Jm]l)082 (e ((AJ=2,)082 )
19 (F( o2 «6(J) 002 )e2,aSEX0(AJn2:) @ (GU)OG(Jel)*F (J)#F (J=]1)))
T2( (4, 08EXCBEX?YV)/ (BEXGB24 (2, #BEXTSEXOVP)ASEXRY) ) 0B

B=3,

60 Y0 205

F(J)=((3¢eD) /SEX)RF(U=1)=F(Je2)

G(J) =((3.¢D)/SEX)0G(Um))=G(Jw2)

DrDe+2, ‘

VE1l,2(F(J)8#2 «G(J)B82 ) , , ,
VPR (1,7 (SEXO#2 ))B((SEXnU2 YR (F(Jel)002 +G(Jn]) 02 (e ((AJw2,)au22 )
10(F(JIu0Z *(i ) wug el 23N BIA 2. V8(GL 1)HG(Un])*F(J)SF(yml)))
TaC# (4a FSEXHBEXOV) / (REX®O24 (2, 9BEX+SEXOVYP) & (SEX®V))

CaCe2,

SUMsSUM*T

CONTINUE .

COMNUC & (AREA/Z(SEXOSEX))aSUM®] Feld

RETURN |

COMNUC = 0,

RETURN

END

130




SUBROUTINE DAS(RAGVOL Y IRINODOS s TSiREGSINOGG+LAST T FGG Ty~ 777

DIMENSION TS(50)s REGS(204200)4 T(200)e EGG(2))y E(1R)y C(18) 4
DR(200)«D(2%)

COMMON /CP/ 16 LEAFBX(12)

DATA (E(1)al=101R) /el 0alB0e20e30ed400500600901091,2%41,502.03004,0

1 Snibt!sleoa/

901

10

15

20
s
30

33
9¢p2

903

35

40

4%

DATA (CUI10I51418)/5:945,82¢%5,82:5:5475:43i5:42548744.575R8, 7T e

1 5,96060270648197.8996.4109,99.46910,22910.,67/

IF (RDeLESN.) RFTURN

00 5 J=14200

DR(J) = 0,

IC = 10

CALL PAGE

WRITE (64901) RUWIR ‘
FORMAT(//28H THE GAMMA DOSE RATE AT R = +1PE1%,7418H €M FROM REGIO

IN9I543H 18/73A4  TIMEIHOURS) ROSE RATE (RAD/HR) )

IC = 1IC + 5

00 33 M=24LAuSTT

PO 30 NG=14NORS

EN = (So(EGLING) +EGGING+1))

IF (ENsGF.N.1) G2 10 10

7 = ENS®VILBRELS(NGeM) /(T+4142F+0A#RDURD)

GO TO 30

IF (ENesLFQ)0e) GO TO 1S

7 = ENRPVALUREGS(NG M)/ (1 ,3408F+0TRRODRT) ™ oo
GC 10O 30

J =0

0O 20 K=1,18

J = Jed

1F (ENGT.E(KY)Y 50 70 20

GO T0 ?%

CONTINUE

J=J =1

CONV = (1) + (EN=E(JI)R(Clyel)=C (I ZLECIJ+ 1) =F ()

7 = EN®VALSREGS(NGaM)/(1,2566F+06%CONVORDWRY)

DR(M) = DR(M) + 2

1C = 1€+ a

CALL PAGE

WRITE (64302) T(4)4R(M)

FORNAT‘IPE1517Q3XQEISQ7)

1¢C = 10

CALL PAGF

WRITF (649N03) Rp.IR o s mmsmn e e
FORMAT (//23H THE GAMMA [0OSE AT R = L1PF15.7,23H CM FROM SOURCE RE

1GIONsISe44 18/584 INITIAL TIME(KOURS) FINIAL TIMF(HOURS)
2DOSE(RAD) )

1IC = IC + 5
J s 2
1IF (J.6YT.NOVLDS) 530 FOQ 80  — —- o T

FATS(K)JLTT(M))  GO-TO 45
+*

St i

Tre X T
;] ]
T ACN

GO TO 40 -
MB = M - 1 . - - - . Ve e e e e s e o < wia e e memmsmmm % acie ¢ w mmemis ee e e e e e e iieme =l . .
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M 3 MB
50 IF (TS(HYLLE.TIMY) GOTO &5 77 ~° -7 om o mmmmmmme s e
M3 Me+ ]
GO0 TC S0
55 ME = M
IF (MEJLF.(MR«1))Y GO TO 65
DRX = DR(MA) » (TS(K)'T(MHJ)“(DP(MB¢1)-DR(MB))/(7(MB*1)'T(MB))
AB = (B#(T(MR+]1)«TS(K))#(ORIMB+1)Y*+DRX) - -
DRX = NR(UF=1) + (TS{I)=T(MF=]1))@# (DR(MF)=DRIME=1))/(T(ME)=T(ME~]1))

AC = S5#(TS()=T(ME=L))#(DRX+DR(ME=11))
I8 = MH + )

1E = MF « ?

AR = Qo

DO 60 I=1B.IF o o
60 AR = ,5%(T({I+1)=T(1))*(DR(1+1)+NR(I)) + AR
DOSE = AR + AR + AC
GO Y0 70
65 DRX = NRIMB)I+(TSIK)=T(ME) Y (DR(MEI=DR(MB))Z(T(ME)=T (MR))
CRY = UR(WR)*(TS(J)*T(MB))ﬂ(DR(“F)-DR(MB))/(T(ME)-T(MH))
DOSE = ,58{(TS(J)=TS(K))&#(DRY+NRX) ™~ T
70 WRITE (699ﬁ4) TS(K)Ys TS(J)s DOSE
U4 FORMAT(AX 4y 1PF 1547 48XsE15«Ts6XaE1ReT)
1IC = 1C + 1
CALL PAGF
J = J+2
GO TO 3%
80 RETURN
ENE

—— T —— L J A
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FUNCT IO, EViR(FEI TH#9S16e19)

133

C
T T T T T YT TS e AUTTHE AVFRAGE A FPRSE JELYTONS OVFF A colSTANT B
o FLoX PE2 UNIT ENEPGY
¢ S
nimtr el s FrLINian) s S1004%)
Ho= J-l
I B S B O SR ST AU S p—
FNFR:n; - - .- R e T R — - i = S
re 5 Katye
FRER = FoLP-SIrqv (Pl iy -FFL T2 Kai )
& Con Tynlis
FRFR = FYERIFELY (PP FLINE)))
RETURN
T R ER T2 TR eI St ST TIATTOT ST T T -
BLTUEN
Fun | o
\
-
|



- . T e . s —

FUNCTION ;!MA%‘ZOA)
¢ A SUBPROGRAM FOR COMPUTING MASS EXCESS FROM THE WINGeFONG FORMULA
C SEE ANL=6886

DIMENSION B(5)4C(5)¢D(5)4E(5)

ZA = A®(1,+,0030A)/(2,+,01%A)

IF (AMOD(Ae2¢)) 4Golek

1 IF (AMOD(Z2¢25)) 34243

2 DELTA = =],
GO 10 5

3 DELTA = 1,
GO Y0 5

4 DELYA =8 0,

5 81 = 0.
$2 = 0,
D(l) = 3,49
D(2) = 5.99
D(3) = 5,7%
Dt4a) = T.76
n(sy = 8,02
Etl) = A=2-28,
E(2) = AnZ=50,
E(d) = ACZQSZi’
E(4) 7 AmZ=»126,
E(5) = A=2¢152,

IF (E(1)) T+646
6 B(l) & 4,04
ctl) = 0O,
GO YO &
T B(1l) = 0,
Ctly = 1,44
8 IF (E(2)) 10¢9¢9
9 B(2) = 5,96
ct2y = 0,
60 T0 11
10 B(2) = 0,
C(2) = 2,88
11 1F (E(3)) 1312412
12 B(3) s 2,49
c(3) = 0,
GO TO 14
13 B(3) = 0,
Ct3) =3 5,32
14 IF (E(4)) 16415415
15 B(4) = 2,9
Ct4) = 0,
60 Y0 17
16 B(4) = 0,
Cta) = 5,36
17 IF (E(S)) 19418418
18 B(S) = 6,88
c(5) = 0,
G0 Y0 20
19 B(S) ® 0,
c(%) = 5,29
201 =1
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21 S1 = 51 ¢ DUD)A(B(NIOB(I)*C(IINCII))Z(ELT)OE(I)*B (1) 0B(T)«C(Y)OC(]
1 ))
IF (1e5) 22423423

22 1 3 1]
60 10 21

23 (1) = 3,07
D(3) = 4,22
E(l) = I=28,
F(2) = I-50,
Et3) = Z1-82,

IF (E(1)) 25424424
24 B(l) = 2,27

ctly = 0,

60 Y0 26
25 B(1) = O,

Ctly = 2,717
26 1F (E(2)) 28427427
27 B(2) = 4,131

€2y = 0O,

GO YO 29
28 B(2) = 0,

€2y = 3,1
29 IF(E(3)) 31430430
30 B(3) = 1,51

c(3) = 0,

60 TO 32
31 B(3) = 0,

Ct3) = 2,3%
321 =1
33 82 8 S2+D(IIB(B(IIOB(PI+C(NISCIII)/(E(IIWE(T)*B(IIOB(I)+C(1)®C(]))

IF (1e3) 34435435
34 1 = 1ol

GO YO 33
35 §$ = 81 + S2

AS = SQRT(A) , ‘ ‘

EXMAS B8 A% (400897964%2=2,0717)033,4484(2=2A)%(Z=2A)®(14629=30.11/AS

1 *21%,8/A)+11,519DELTA/ASsS

RETURN

END
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e Xalel

901

FUNCTION FFUN(JaTZ9TALE24E14CyA,4BEN)

SET UP NO, OF POINTS (=K) FOR INTEGRATION

IF (E2,6TeE1) GO TO 1
FFUN = O,
RETURN
K = 10,#(E2=t1)
IF (KeGT,50) K = 50
IF (K.LT410) K = 10
DE = (E2=E1)/(FLOAT(K=1))
Mz 2
IF (J¢NE,1) GO TO 2

= 1,.5%(TA®#®,333333)
= 1,442%(TZ=1,)/R

0
JoNEL2) GO TO 3

1,2 + 1,50 ((Ta=3,)#8,333333)
1,44202,9(12=24)/R

1

INTEGRATION LOOP STARTS HERE

IF (EE.LEsVs) GO TO 8
Y = E2 ~ tt
RHO = O,

IF (Y,6T,0,y) RHO 3 CobXP(2,95QRT(A4(Y+BEN)))

IF (J.LT,3) 60 T0 5

EN = EE®(TA®L,)/TA

SI16 = COMNUC(TALEN)

GO TO 7

X = EE/B

IF (JJNEL 1) GO TO 6

22 T2 = 1

SIG = PROCOMI(XeZsTA)

GO YO 7

IF (JeNEos2) OO TO 7

1 =272 - 2

PA = TA - 3.

SIG = ALCOM(X,Z,4PA)

FUN = EEOSIO®RHO

IF ( I4+EQel) FUN = 45#FUN

IF (1,EQqeK) PUN = (5%FUN

FFUN = FFUN + DEYFUN

IF (M,EQqel) WRITE (6+4901) EESIG4RHO
FORMAT (20X e4H EE=9EL13,696H SIG=9E1Ie646H
IF (1.6GE4K) GO TO 9

1 =1 +1

EE = EE + DE

GO TO 4

IF (JstQe42) GO TO 10

FFUN 3 4,T8360TASFFUN/(TA+L,)
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GO Y0 11
10 FFUN = 4,%4,7836%(TA=3,)%FFUN/(TA*l,)
11 IF (MyEQel) WRITE (6¢902) JoaTZeTAEZ24EL14AWFFUN
902 FORMAT(20X93H J=a13+6(3X9EL13,6))

RETURN

END
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s X2%2%2)

1
5

1
10

FUNCTION FISS(FELIMsSIGaI4J)

TNIS SUBROUTINE AVERAGES CROSS SECTIONS GVER A FISSION
FLUX SPECTRUM

NDIMENSION FELIM({44)y SIG(43)

M= J=-) ,

IF (l1.EQ.M) GO TO 10

FISS = 0o

T = 1.29E+06

DO 5 K.:I,M

FISS = FISS+SIGIK)I#((le+FELIM(K+1I/TISFXP (=FELIMIK+1)/T)=(1.+FELIM
(KY/TYREXP(=FELIM(K) /T

CONTINUE

FISS = FISS/U(1e+FELIMII)/TIREXP(=FELIM(JII/T)=(1.+FELIM(I)/T)®EXP
(=FELIM(I)/T))

RETURN

FI1ss = SIG((I)

RETURN

END
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OO OO0

¢ g £ 4 8 A 8 | ran S o a1 2 e s e e ermemn s ¢ v e W S i 4 b e . St

FUNCTION F5¢(7 ’ A I N_F}‘_:y I,VEY_O I_Sn’ ]

THIS SUPROUTIME INTFRRAYES THFE FLUX TIMES THE GROUP CROSS .
SFCTINts oVER ENERGY AMD PRINTS THE GROYUp CRNSS SECTIONS
TF SFRST SWITEH 3 IS nnwk

NIMENSIOR FXOY2) e FLINE43) s FELIM44) o FLXINGG3)y NZE10)y NALIODS

1 VEACHIN)y GSIG(43) o STR(43)
CoMmon /CF, MnRGy FLTM, TELIM, FILYTN, N2y HA, VFAC, NNNV, TFAC, B
1 TFIL. X IWT . o TFAC, .

CHMMON /CPy/ 1Ce LEAFy BX
CoMMnN /CC/7 MLTMU(42)
Feo o= Qo

no 5 I=1443 o TrmmmmmTTTTTTTTTT
SIG(T) =, B
5 6GSIG(I) = 0, -
6 = TFAC
IF (TFLx I 0e8) (C TH 05 )
1F (HONV,EO.0) GO T8 12 . o

N 12 I=:) W Mnky

17 =2 o
1a = A

I (12Wtearnyyt Ln T s

1F (TAMELMACTYY €O Th 1O T

G = TFACHVFAC(T)
1o GSNTINDF L . e
12 1F (LKEY,EP,2) €D TO 15,
CALL XLIPU(7aNgINMRF QTG 4LKEYZ150)
1F (SIGL1), . ,NF,7G0,)y 6N TO 20
IF (LKEY I FLYY GO YO 1S
~ _RETURN
157 1F (INRFER,YY)  RFTLEN
1F (INRLWEGW12)  RETHRD
16 (INRELEM, 1) RETHRM
TF (INRELFNL4)  RETUOM )
CALL XSCAL(ZeAIMNREASINALKEY 1SN
(20 S16G(43) = CGOSTGRl43)
CALL §SVTCHtA, 182y
IF (1S2sNE,)Y GG 10 23
1I¢ = IC+1¢
CALL PALE . o
WRITE (64020) 79hyTMHRES(SIG(ITY 1721443
920 FORMAT (/294 THE FINE GROUP XSFCTS FOP 7=eF5.,103H A=sF6,146H INRE=,
" 1 13‘ ’ qp{'“l\'p‘}f/'( 5{’2 n".‘ ;'a.‘)/) ST mn o mmommmEmmmsTT T m e e
23 1F (IFLX,FR4®) €O TO 165
TF (TWT,EC,0)  GF TQ 45
1 =1
N0 4N K=14MORG
N 2% J=1444
THF O (EUIMIK) GBFEGFELIM(YY TG0 To 22
25 CONTINUE .
28 IF (Jetl,44) GO TO 35
IF (LwVaNE,2) GO 10 3N o
GSIGIK) = FHER(FELIMeSIGr1ad)
GO TN 4C
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30 GSIGIK) = ALFTHIFEUTMASIGaI D)
60 T At
35 GSIGIK) = SI6(4D)
401 = )
GO T0 b
48 1 = |
' o 772 K=1411004
DO S50 J=T444
TUUE GFLIMEY SCFLTRLTM(YY GO TA 53
50 COMTTMUE
83 IF (Jetlabd) GO T Sy
1F (Jebbol™) G Ty AN
1F (I:("Enl_"’ CLATE A T )
X = ([I=1)/701=T1)
CUIE (X LTLC.5Y BN T ARG
GO 1IN 60
B8 GSIG(K) = SIn(43)
Go 10 U
60 GSIGIK) = FISSIFrLireSIGeled
6o TN 19
65 GSIGIKY = ALFTHIFFL IMes1%e e
70 ! = )
72 CGNTINUE
75 1F ({FLX.tTa1) rg TR K5
FS = FLXINM(IISGSTGO Y walNG(FELIM ) ZELIM(LY)
NN &0 K=Z ¢ NORE

g0 F5 = FS*FLYIN(K)ﬁGSYG(KWﬂALOG(’LYHTY:1)7ELI“(K1)"'””"'""”m"”~“-
GO To 1US

88 IF (TFLXGNEL?) 60 T 95
FS = FLATMILIRGSTIGIYSIFTLIMID) =F L TML))
NG 9N ¥=2MORR ) ‘
G0 FS = FS*YLXI'(V)*GSTG(K)*(FLI”(K'I)‘FLIM(K))
. 60 Tn 108 S LA
98 Ny 100 k=) 9nitih
100 FS = FS + FLYINM(K)an515(N)
108 CALL SOWTCH(3I(ID
' “IF O (YSWNEgY) 6N TO 155
IF (FS4LE.GW) GO TO 16N
CYeTE 1CANERGes D
CALL PAGE
12 =7
1A = A
1F (IMRECT4) 6 oo J0A
GO TO (110411541204912%%y [MRF
7 {0A TNR = OTHMRELLN . I
GG TO (13041354140,145)4 INR
110 WRITE (64901) TZ4 1A '
' GN TN 15N
115 WRITE (549n2) 17, 1A
GO TO 150

TSR OWRITE (Ky0R3YTIZy 1A
. GG TN 150
128 WRITE (k40n4) 12, 1A
60 71D 150
130 WRITE (64911) IZ, 1A
80 79 1%0

it e 2 2 s B © e e .
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1358 WalTE (%£4012) 74 1A

6O T 159 : : e e e e et e e

140 WRITE (64913 17, 1«
Ko 10 150
145 WHITE (F4574) 174 A
150 WEITE (64875)
WhITFE (€46236Y LUaGSTC L) 2 IR 1aMNNRR)Y

CONVERT nTTs QY FS
155 FS = leb=za%F5
1F (1S« NE 1Y 6P TN TAC
WETITE (0490 TY £5
160 Rt TURN,

165 1 = 0 ) o
J = 1
K = 1

170 1F (KebUaby) 0 TO 55
1 = 1 + !
BSIG(J) = FSTALI + SR (K)
IF (KgFQuedLIMUANY nnoTo 179 e e
K = X + 1}
6o IO YID
17% GsI1G(J) = FSIGCUIYZELCATLT)
1 ¢ . . e
J Jo+
4 K+ 1
65 T0 170

901 FuRMAT(/4¢r THE (NyLAMMA) GRANP ~ROSS SECTINNS FAR 7 NOF ,T3,10H A
1ME A OF a1395H LRE ) SR
9N»? FORMAT (/421 THE (ne%) GR0OUP F£RASS SFCTINNS FNOR 7 OF 413410H AND A
’ 1 -F ._I.-#,F'jH ADE‘ ) ’ ’ o S ) ooy T S mmm e
903 FARMAT (/4611 THE (yeigsiihl GroUe Foags SFCTIONS Fop 7 OF 913410H A
INL & FO oT245H ARE ) :  10n
904 FURMAT(/431  ThE (hyzh) SROYP CONSSE SECTIONS FNAR 7 OF 413,10H AND
1A NF 41345 ARE ) o T o
905 FURMAT(Z0X,Tu GROUP 420Xe22H CROSS SECTINN (RARNSy )

906 FURIAT(22¥412423x41PF2 Y 1 e T e e
907 FrRMAT G2V THF ’RﬁﬂH(T AF CRNSS SFLTInM ann FLUX IS QIPE?O.aoqu
1 NFUTS/CNarieSEC ) ' ’

911 FranAT(/GEH  THE T6ANFRIC [iMafAMMA) GRONP CROSS SECTIANS FOR 7 0F
Lal3s10H ABD & NF 473,52 ARE ) £ 08

912 FARMAT(/51h THT [anhERTIC (NyP) GRAUP crnss SECTIANS FOR 7 OF L13,
110 ANT A PE #1345 aPe ) 0 T e

913 FORMAT(/5EH  THE IsNMFoTl (N ALPHAY GROUP €ROSS SFCTIONS FOR 7 OF

T 14134108 ANT A OF 47335H ARE ) o o

9l4 FORMAT(/92k TiIRF 1SOMFR1C (iMy2MN)y GROUP CRCSS SECTIONS FOR 7 OF +13
1410k ANL A OF +T345H LRE )
Fun
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v

s NeNalgl

135
140
145
150
156

100

15

18
20

25 1F (LELIMIT) =FFLIM(K)) dL To(FELIMIK=)=ELIM(I))) GO Tn 30

30

SURRQUTIME GRAHNPS(TF! x)

THTS SyliRnyTINE ADYygTS THFE NRIGINAL GRHQP 30yNNARIFES TN

THE FIXFD LTARARY 6RalP ANUNDARIES

NIMEMSTOr FLIM43), FRLTIMaGYy FLYTN043) 9 NZ(10)y NHA(LI0)
1 L) Y.‘.l((‘_?)

COMMOI 20l 7 kg r T, FrLLM, FLYTHy NZy MAy VFAL, NONV,
1 TFI Xy TWT

COMMAN /Ci/ T4, LEAF, RX

TFLX = ')o

TF (IFL Y, P 0.YY 60 TA 1490

IF (IFL 7, Fn,?) #0710 150

NU 13% Isiqtinan

THLX = THLY + FLXTH(T)

AU TO 1)

THL Y Frey sy nApng iy L1 T2+01200 101 )

nO 14% T=g4n0pmn

THLY = YFLx + Frving () aALOR (R IM(Ta ) 2R IM(T)Y)

GO TN (00

TFL X FLXT0) (2, 1 9F P07 LT (1))

NI 155 T leninen

TEIX = TeeX + FLAD(I)#(FLTM(T=1Y=p 1M(1))

TF YFx=h AN st eenne BOUNDARIFES

1F (IFN,02.%y 6D 17 42

J = OMORG -

Nl 40 1=v, |

no 5  K=2,44

T (FLIM(T) L ATLEELIMIvYy Y 30 fn 1N

CONT NS

[}

0 ONMYT

) [F ST LFSS THAnN 0,4FV THIS GROUP 1S THERMAL
1P (ELI (D)L Te0ut) GG T 40
TF (ELTS (T Tn FFL T (rel) )R TN 40

VEAC(10)

TFAC

(LT=? TMPyes GROUP ARJUETING BY FHERGY, NOT LETWARGY

F o(twlTaln, 7Y 60 71 2%
FoqALNG e Tty el /F 1alD) ) o n T B DGR T IV/FFL T (KY))
= -
‘ TELYEY tas (£S5 INRPUT P ST 8E ADGUSTED

1F (IFLX,nF Ny 60 T 23

NEL = ALASEL YLD 7FFL I (IK))

X =2 FELYH(OL)

TE (TeMELLY % T Frgqr=l)

FUXTN () = FLXTO ()@ ((NEL+ALAZIX/FL M (1)) ) ZALOGIX/EL M LT
IF (1470, (M0R0B=1))  uC TO )8 . -
FLXIN(I+Y) = FLXINCI+1) R UALOGIFLIMIT) /EL IM(T+]1) ) wDEL)/
1 ALOG(ELIALTY ZELTMIT41))

GO 10 20

FLXIN(TI+1) = FULXIN(T4]1) = NRELAF XIN(TY/

1 ALOGLELIMIT=Y) ZELIMITY)

ELIM(I) = FELIMIK)

6O 10 40

K =2 K=l
1F (IFLX.NEWDY GO TO 35
NEL = ELYTM(IV«FFLIMIK)
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X = FELIv(1)
IF (T NFLly X = ELIvT=])
FLXINGT) = FLXTMAT) S ((REL+X=F] TM(1)) /(X=FLIM(T)))
35 ELIM(I) = FE) 1 (K)
40 CONTINUF
90 R = 0.
N0 92 I=1,4bnPn
92 TF (FLXIN(1) . LF, 00y  FLXIN([)=n,n
IF (IFLx,En,1y  £0 10 105
IF (IFLALECs?) 60 710 118
NU 95 T=zy4MCR0n
95 R = P + FLxIM(")
6O 10 12+%
108 R = FLYTN () 8P NG(2,117E+07/F 1L TM (1Y)
NO 11C =240
110 B = 8 « FLY V(ISR CR(FLIMIT=1)/ZF) IMlT))
6O 10 1°0°F
115 R = FLXT" (I 202,01 TF+07=ELTIN(Y))
nO 12C 1=0,40RA
120 R = 8 ¢ FLYTe (MY elfp Tu(l=1)=F Tr(ry)
125 Nk 130 T=y,rron
130 FLYIM(T) = TELYQFL YT (1) /P
42 TC - 1(-#/«
CALL PACE
TF (TvT,FG,00 70 10 45
1F (TwT,FG, 1Y 31 Tr =y
WRITE (esG01) -
901 FORMAT (/77 (CPPES SECTIONS iy Tur™ ARNUPS VEIGHTFD WITH COMSTANT
1FLUX FER LM TTY FRERAGY )
60 TN 5%
45 WHITE (¢ 4002
902 FORMAY(, rTH  Cr0gs SFOTINNG yIThTN GRAYPS WEIGHTED LITH FISSTON
1rbUX ABOVE 1°9KEVy 1/€ FLUXY Rrl 0y )
50 10 5%
50 WRITE (aq4007)
903 FORMAT (//7+4h CROSS €FCYTTIONS LYTHIN ARAyrs WFIGHTRD yITH COMSTANY
IFLUX FEF U 1T LFTHARRGY )
55 1F (1FLs k.Y OO0 YO &C
TE CIFLYLEQ.?) 0 TC &R
IF (IFLY.FQ,Y) 00 TC 70
WRYITE (€4007) .
907 FURMAT (52H  TMIFGRAIED FLus PFYgFfN GeoppP PAPNDARTES TN INPUT )
60 10 1%
60 WRTITE (¢,4904)
904 FOqMATITL  fonllp SplN[ABTIFS yaT ANJUSTEN, ALL CpaSS SECTIONS MUST.
1 BE TNFUTY 0k 2FPN )
GO 10O 75
65 WRITE (446050
908 FORMAY (b AVFEAGE Py PER pMIT FMERGY 1S TNPYY )
GO 10 7%
T0 WRITE (fa60¢) . ‘ ; X
906 FORMAT (4ZH My FEpGF FLIX PER NIT LETHARGY TS INP,T )
7% 1C = IC+NCRG+2
CALL PAGF
WRITE (ee908) _ _
908 FORMAT (/2eH MFUTRQN FrERGY GROUP NDWo10Xe24H LNWFR FENERGY LIMIT ¢
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1EVY )X aP2H YOt T n ENTEAN FLDY )
NO £0 T2t 4000C )
80 WRITF {7/ 4000) Yo FE Y 7Yy FLXTH(TY
909 FURMAT (14X, Ir el Xa1PF1naTe74%,Flb,7)
rETURN
Fhn

144



SURARAUTINE Jeii( {7150 ATSCoATN 1 kFyakM,a180)
c PEACTET v0F CALCTILATING THE SANREE SYRENRTE OF AL GAMMA TRANSTTIONS OF
o NAPGATEE FeO™HCTS FROM THE NFCAy AF §AME NFUTRON QFfACTION PoANCFD pARENY
NIMEMSTON D{RY 92 18) ah(5) B (AY 4E1(E4T)aF1(SeT)4G1N(20+5) 4SOR(2045)
LeFGOIZ21) 0T (AN0) 9F 0P (200) qDENS(5) 4BY (121 4RATE(8) a5AM(21) 4CS(R)
Comtan /P&, MNRAGLASTY GFEO0 ToPNWP ,8NF
COMMAL /(17 1041 FAV ofy
J3 o= ]
RETE (L)Y = =
ne, 7 12148

7(1) =

4 e = 0,

T ALY & (.
P e 1=1421

R GeA(L) = ¢,
PCoeNG 12144

200 CS(1) T FOU218 18T LREY S TSN

Pe z0% I=zh,a
J s 1 + &

208 CSU])Y = FOUZIR 0 A15 e 1allVEY 415M)
7Y =L180
Aglyz=ATON
NC 170 TTIYPL=)en
I0 G0 70 U 1alasl7a20,¢ 424029932, TYYPF
1Y 2(2)y=7101)
Ac?2)yTa(l)y+u0y 0
RO R R
14 2¢z2y=2()
A(2)y=Athy+l,n
GC 17 41
1T 2¢2)=¢2(1)
A(2)sAatYy+q90 0
GO TN 4y
20 2(2)=2101)
A(2)=hLillym), T
oYY ey
a3 721 =ty =2en
E(2)y=zat))y«+sn, 0
GO TN &7
26 2(2)32()=1,0
A(2y=4L])
GG TN at
29 7(2)=1 V) =00
A(2)=AlY)yeanr
CG TN 47
32 2121211} =p2a"
A(2)y=4a(f)=1,n
47 ASSIGN Sp TN TR
GO TO %
49 ASSIGN 99 TO JTPAM
S50 CALL KFLIR(U34712) 4A(2)46GAM)
IF (ABSIGAT (™Y =n0g9 ) LT, 1,15y 5A TA 170
HT - ()AM(3)
ITY = IFIX(RAM{4)«,00%)
BF(3) = GAM(R)
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56
o8
588

59

60
611
612

61
62
65

66

b4

67

617
68

69
70

11
12

15

S0 T0 90

1Z0 = IFIX(GAMIR) +,005)
1A0 = IFIX(GAM(T)+,CY)

NG 54 1VE147

E1(2+11) = GAM(Z2a11+6)

54 FL(2411) = GAMI2a11+T7)

IFLIT EG,G) RO TC 60
GGYOJTRANS (5R459467468,T7478)
IF(IT,EQ,1HGATO 588

56 1080 " VPP

ASSIGN 49 v TTRANI

IMIN=]

GO 190 sl2

IFIIT NEL2Y60 10 S50

IMIN = 3

GC 10 611

1s 10 = 1

ASSIGN 17C T JTPAN]

RATFE (2) = 0118625 /HT
2t3)=1LL

A(3)=1al

ASSTIGN 6T TN JTRAN

GO 12 6¢

ASSIGN €8 YO JTRLN

CALL KLIR(J39703)44¢23),GAM)
1F (ABS(RAM(Z)I =009, ) 4T, (0H)) 0 TO 66
THAXSE

ASSIAN 169 TO LTFAM

6N 1N 993

HT = CAM(3)

1T = IFIX(GAM{L)+,40NF)

Br(4) = GAM(R)

170 = IFIX(GAMIA)Y+,H)

TAD = TFRIX(GAM(ITY+,5)

No &4 11=147

E1(3411) = GAM(221]1+6)
F1(3411) = GAaMI28])+T)

1F (ITLFQ.0) 6O TO 69

GO 10 JTRANY (5R35946746P177478)
IFUIT,EZ, 1 0 T 677

60 Y0 &2

ASSIGN €1 TO TTRAN?Z
6D TO 710

1IF(IT NEey) 6O TO 2
IMTH=G

ASSIGN 169 TN 1TRANM2
RATE(3) = ,011%%25/HT
7(4)=12D

A(g)=1AL

ASSIGN 17 TN JTRAN

6n 10 12

ASSIGN 18 TO JIRAN

CALL RLIR(JAG204)0a04),54M4)
IF (ABS(GAM(2)=Q99,).GT.(405)) GN YO 76
1rAx=3

ASSIGN 168 TN LTRAM
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16

73

17
111
78

79
80

8]

84

a5

83

990

S CALL SSWICHIIS)

HT GAM(3)

1T = IFIX(GAM(L) +,5)
PR(S) = GAM(R)

12D = TEIX(GAMLE)+,5)
TAD = IFIX(GAMIE)+,5)
NO 73 11=1,47 :
Ellasll) = GAMIZ2u]]+h)
Fl(4a11) = GAMI?811+7)
IF (1T.EC.Q) GO TO 73
GO TN JTRANG (S8 4RI 4AT 448, T7479)
TFUITW RGO 70 T7)

6o 10 72

ASSIGH T1 TO TTRAN3
GG T 8C

TFCIT My G0 10 72
IMIN=H

ASSIGHN léeid T ITRANS
PATE(4) = ,D115525/KT
7(5)=12L

Ars)y=Ial

CALL RLIP(J34715)4A(5),50M)
1F (ARSIGAM(2)=969,) (T4 lsl5)) GO TO 8%
ASSIAN LeT TH i TRANM
1i"AX=4

O T2 96

HT = GAMI(3)

1T = [FIx(nLAt(h)e,%)
PR(&Y = HAM(S)

14D = TFIX(LAMIAY e B

1A = TFIX(CANTE) +, %)

PD 83 Tl=1,7

El(5e11) = GAMI28]146)
Fl(%eI1) = GHAMIPBI1+T)
ASSIGH AT TO LTNAN
14Ax=5%

RATE(S) = ,011%525/KT
TE(IMINGGT L THa X600 TO Y66
G35 10 (lo?v39691(-’911101111!112)OYTYPEH

CFS1 = (5(5)

GJ TO 113

FS1 = CS(1)

60 T2 113

F51 = C€S(&)

60 TN 113

Fsl = LSy

6h TN 113

FS1 = CS(&)

62 19 1113

FS1 = CS(2)

62 10 113

FS1 = CS5(1)

6o TN 113

Fsl = CS(3)

IF (FS1.LF.G,) GO TO 166 _
FST = CSUI)+CSI2)4cS(3)+CS(A)+0S(S)+CS R +CS(T) «CS(B)
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OO0 OO 0N

509
175

91
92
93
94

95

502

101

CALL SSWT(HI(2415)

IF (IS NELY 50 T 175

1C = JC+TMAXS?

WRITE (LaB09) (20J8) g A(JR) 4 URT) 4 THHAY)

FARMAT (/14 THTS CHATN 15 /7 (3X934 224F5,143Xe3H a2eF6,1))
A2 = Alg)

77 = 2(2)

s = N

Q4 = 0o

N3 = Qo

n2 = 0.

21 = 0.

84 = 0.

S3 = 0

S22 = e

Sl = Do

RATE (L) = M.
6O T (9540w ,03402,01) , [ *AY

A% = RATZ(AY

Sa = RATL (4 #h(R)

Ny = RATE(4) — s e
§3 = RATH (3)#RAlg)

N3 = RATE ()

S/ = RATE(2) 4k ()

NS = RATE (2

S1 = rSl

Ql : ‘:ST . - - cea imi me o e aon
ny = AT

nd = ‘:Jl

niy = J,

n.l" = d,

ns = 4.

Ny = ATH

02 = N,

n;.)3 - ()Q

N4 = 0o

ors = 0.

IF (15,50, 1) Tr=1C+h

IF (15.F0,1)  CALL PAGE o S e

IF (15+45Ga1) WRITE (£4502) Qlen24919039524Q4953905454

FORMAT (/4w Glz=e1PFE14,7/744d D2=9714 795X 44H 51:,514;7/“}4 03=z4F14,745
IXa4H 5233814477400 Da=,FlaaTysXgaH S2=,E1447/4H Qs=4E14eT 95X et 543
Coitla,T)

GNO(TeJ) 2NN, NF PHOTANS PFR nFCAY 1M ENFRGY GROUP T FROM

CiHAIN MEMAER
sOR(TeJY=Na, NF #HOTANG PER UNTT VAL PER UNTT TIME EMITTEN
Ty ENFRGY GRNU'P T FROM CHATN MEMAFR )

DO 101 I=1,4M066
no 191 JezlaeiMax
SOR(1eJ) = 0o
GNO(laJd) = U
NG 178 )=, TMAX
DO 1953 K=Y o7

M = 1
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105 TF (FLUJgkYoOTSFGGB(MY)Y 6D TO 103
IF (ELCJ XV =fnf(e])) 10791074104
102 M = M+}
TF (M=NOGOY 105410541073
104 GHNAMG DY = GHOC ) +F 1)K
103 CONTINIL
108 CONTIRNOE
KM = KM+l
WRITFE(C 2) [V THeTAY 5 (T (1) a8 (1) 9 T=1 0 IMAK)
NO 10T TME=P U ASTY

D] = 3o b+ (T{YAF)=TtIME=1))
Q1 = AL#PCwct14E)

Si = Falarngn(imry

Fiil = XM (=N181T)y

Fup2 = EXR (=207

Frpd @ LafF (=17

Fray = EXP (wan4nnT)

FOuB = FAP({=QFa"T)

GO T (100 aDIN4DR39T7,960) ¢ 148X

96 NG = Oaat SN s ag2es3eS34a (A aran) 2 ((NS=01) 2 (QPeaNl) 8 (Q3=q1) %
P geNL) ; +51#R2UR388 & (FAD=F ey 2 (IOG=N2 ) (Q1=N2) B (Q3=ND)# (N4= N2))+
2514572 B ARG (FO Ve ey ([ \»,-)3)5(01_133\u(’)z-()‘\)u(ﬁq-nqy)+q1ﬂ.g?¢,5345
3*«“(LQ4-th 2 IORa ) 5 Y N4 B (N2L04) 4 (N3=04) ) ) +IN28528830548 ((EQ2
Q‘LQBW/((OH—Q7)*lF3~U@\u().—Q")+('3§—FGF)/((Qs-Qi)%(Q)—Q3)n(Q4-Q3)
SY+{ENa=t GE) 27 L(0Rana) 8 {aR~04)#(03=n4)) ) +8388460N3¢ ((FN3I=EN5) 7 ((Q5=
60V (Qa=13) ) + (VA4=F 75 2 ({O8=0418 (N 3=041)) +0N48S48(EQ4=FQR) /(05=04)

97 Ny = QLaul 4+nTla31a520q3 (£ =Fnd) /7 ((a4=n1) 8 (02A1)aT103=01)V+
Q=L 70 (04="0 3 (0 =N 3 (N=)2) )+ (7N 3= Eﬂt)/((34-03\*(01-Q§)*(02
2=nA) ) ) 0N ngans3n ((FR0- FAdY /((NGana)n(23=02))+(ENYaFA4) 7 { (24=0N3) 0
3(Q2aN3) )y +7 2838 (1N 3ar 0 / { "N 1w ) o

94 Ny = Un,wr@3+ﬂﬂ1u3;ug>u(l‘QL—FQ«)/{(Oy-Ql)ﬂ(Q?~Q1))*(502-F03)/((Q3"
I—Qp)dtﬁ\-nﬂ)\\unrﬂtﬁ’ﬁl‘fJ-‘Q\)/(P3—0”)

99 N; = PNPelr2+n"lagialr~leFn2)/(n2-11)

100 N} nngspny

1F (1S.bneo 1) TC=10r+13

1F (7SeE0aYY  CALY FALE

TF (ISeRNa1) WPITE (6en030 TIIMFY 401402, N3,4N4,408
503 FORMAT(/3h T=o ' PFla,TebXanH MI1VZaF14,T45XKe6H NIT)2eF14,7/76H H(3) =

» LapVaeTaBYaet! MUYz e a, Tabh X ebH N(RVmgaFl4.T7) - R

WETTE ( 2) DY 24D N it

npl = ul

D2 = N

N3 = 1A

N4 = D& i} L o o
NH% = 11Y i

NeErist))y = m)

NENSI2) = D2

NENGLEI) = N3

DEMS(4) = T4

NDENS (D) = T'5

Ne 106 JIMIry 1A

DO 106 l=214NNGrH
106 SOR(Ta) = OFNS L al,08+2«nRATEL N altiNTe))

WRITE 23 ((SOF (K My ¥ =1 o NOGRY ¢M= IR TN, THAYX)

IF (I5e¢NFa)) GO TO 107

1C = 1C+TRAReI"IN-T
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CilLL FAaGLE
WhITFE (F9808) TUSONRIY o) «HETMIMGTHMAX)Y oV =] 4 NORA)Y
805 FOR“aT (/31 TeE SOURCE STRENGTH MFEMSTTY 'S /(BF20.3))
107 COMTINUL
165 CCOMTTALE
166 J3 = ¢
G(‘ Tn lT""AKQ“’(::Q‘A.(yﬁs].???)
167 60 10 TTEMN AT 410R)
168 GG 1N ITRAMZ. AT 4169)
169 GC T IThAt L1y (09,4 TH)

170 J3 = 1
RETLIEH
Frn
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SUBROUTINE NATDEN(LKEY)
— THIS SUBPROGRAM EXTRACTS SCATTERING CROSS SECTIONS AND
ELEMENTAL COMPOSITIONS FROM THE CROSS SFCTION LIRRARY
DIMENSION SIG(43)s X(250)¢ SPOT(20)s 70(20)¢ I7(20)e AD(20)
1 1A(20)¢ D(20) ¢ DEN(20) e LKEY(20) LK(ZU)
T COMMON T ZR7 ISOR. 1Ze IAGW DENe SPOTe Re TEMP
COMMON /CP/ 1Ces LEAF,y BX(12)
= :

Nelal

DO % 1=21,1S0R
“SPOT(I) = 0.
Z0(1) = 12(1)
AT R TR v e e e
LKtI) = LKEY(])
% DU(1) = DEN(I)
NOIS = ISOR
J =20
REWIND 8 ~
e REWIND T e .
o
DO 40 I=1,1SOR
READ (B) (X{M)eM=214250)
J=2J e}
NT = 8
i (LKEY (1) o EQ.3) NTEY "7 T T
IF (LKEY(1).NEs3) GO YO 12
10 READ (NT) (XtM)M=214250)
12 IF (X(201).LT,20(1)) GO 7O 1n
’ DO 15 X=1.201+50
IF (X(K).EQ.2D(1)) GO YO 20
-«»——-—15— C-ONﬂ..NUE"A....*« . .- - - . L e e e s e e e s e s o
NOIS = NO1IS =~ 1
" 1C = 1C + 3
CALL PAGE
WRITE (64901) Z20(I)
901 FORMAT (/38H NO CROSS SECTION DATA FOUND FOR 2 = qu! 6o38H ITH
Coem— tAS BEENOMITTYED FROM THE PROBLEM 7Yy~ 7 T
J s J)e)
G0 TO 40

20 SPOT{Y) » X(Ke4)
12(4) = 20(D)

1P (AQt 1Y NEGG,) T 6O TO 3 0 T T T oo e o T

TA()) =& X(Ke))
LK¢J) = LKEY (D)
DEN(J) & X(K*+2)#D(1)
2% K =2 K + %0
IF (K, LE.ZSD) 62 0 30

_——__K - _1‘____4 .. . e e i e m a amm e e ———— i vn i i e e e e o e

READ (NT) (X(M)e4314250)
IF (X(2).80.999,) GO TO 48
30 IF (X(K)JNE.ZO(I)) GO TO 40
“= 1P (X(Ke1) (EQ.FLOAT(IA(J))) 6O TO 25
J B J . 1 . - Jups . . e e me
A_._.—-..--_.No.t.s__.'___"ntﬂs \_‘ _1,__ - - cie i metimemeie mem m oanee o e e e e e e e aaeees me o s s o - . - - e e
IF (NOIS.NE.20) GO TO 20
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v~—v-——-————~t-c.—_=._—‘_1.c.>..‘_,_.‘.. - . - e et o mm o e s amm+ cmar e e e mme me Gm e o e e e W e E—————————tm e &b = = = oa s
CALL PAGE
T WRITE (64902) 1Z(J)e 1A(D) )
902 FORMAT (/21H 20 ISOTOPES REACHED/23H EVERYTHING AFTER 2 = 15.6H
Tl A B 9184 9H OMITTED /)
60 T0 45
e e
a5 IA(Y) = AD(])
- DEN(J) = D(1)
40 CONTINUE
4% 1SOR = NOIS
IF (ISDR.5T7.,20) 1SOR = 20
D0 42 1E1.150R
42 LKEY(]) = LKD)
" REWIND 8
REWIND 1
DO %0 K=z1,.43
50 SIG(K) = 0,
T CALL XLIB(1a90999ee10S5IGedel)
RETURN
END
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#&Lo.uﬂﬂ_l_ﬂﬂ
JIMENSTON BX(12)
COMMON  /CP/ 1CiLEAF (B
1F (I1C.L7,93) RETURN

1IC = 1Ce83¢d
WRITE (64901) (BX(1)eIn1el2)oLEAF

901 FORMAT (1H1¢//10X0e12A6¢10X+5H PAGE158//)
LEAF & LEAF ¢ )
RETURN
END
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901

(=X -] o4 [ Y &> W

12

13
14

FUNCTION POLY(N¢X)

TH1S SUBPROGRAM COMPUTES THE NTH ORDER LEGENDRE POLYNOMIAL OF X

IF (N) 24143
POLY = 1,
RETURN

WRITE (6+901)

FORMAT ( 4SHONEGATIVE ORDER LEGENDRE POLYNOMIAL ASKED FOR )

CALL EX1Y

IF (N=1) 44445

POLY = X

RETURN

1F (Nw2) 64647

POLY = D58 (3,0)XttXw],)

RETURN .

IF (N=3) 84849

POLY = 0,50 (S,axXaxaXwl,a)X)

RETURN

IF (Ne4) 10+10.11

POLY 3 0,1250(35,8XaX0X8 30, 0XH#X+3,)
RETURN

M= $§

EM 2 M

POLY2 = 0¢59(5,0X0X0Xm3 0))

POLYL = 01259 (35,0XaX0XtX030,8X0Xe3,)
POLY = ((2,9EMw] ) 8XOPOLY]lw(EM=],)8POLY2)/EM
IF (NeM) 134134016

RETURN

M B8 Me]l

POLY2 3 POLY)

POLY]l = POLY

EM = M

GO0 10 12

END
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201
202

203

204

L 4 w N

OB NS WN ™

OB~V WNE O~V WN»-

FUNCTION PROCOM(Yqs20A)

IMENSTION YLC39) oZL(9) oFLIST(3949) oFFLISY(4) e XLIST(4)FLIS(G)

BLIF(P¢QoReSsT) = ((QuP)B(S=T)/(R=Q)+S)

IF (Y.6E,(42)) GO YO 202

PROCOM 3 O,

RETURN

i1F (2,LT7,¢0,)) GO YO 20}

IF (Y.6T,4,) GO TO 300

YL(Y) B .2

Do 203 1=22.39

YLUI) = Yi(l=]l)e,]

IL(1) = 10,

DO 204 122.9

IL(1Y 3 ZL(1=)) <10, A

DATA ((FLIST(10d)el=1639)0J%103)/eT6493¢7910¢2016430220042721431,430
35;.39.042.046.069.052.056;959.061.064306555'67.068Q069.169;80
70;2.70.6071.971&107}.2071!3071;4071.597195071|5071§5971.5071550
71;5011.6071.4071,‘00.0323!.59!2.8107.6012.6'20.7021.4v33.6!39.9
45,050505520584962¢0650506909T72¢0T425¢7T00790081,3083¢084:5:85470
57.087.7Qea|6089.3089|9090.3090;5091'1091.5|91|60923109204|9206'
92.9093,14,001794,1069,96¢3,85+¢9,1017,2¢25,4033,8¢42,¢50,¢56,162,
'67"72..75.5’79.5'63.5'87.'90.'93"96.'93.5'101‘.losl'1°59010605
0108,0109,9110,5¢ 111,44112,2+112,9¢113,50114,1¢114,74115,24
115460116,10116,57 , ‘ ‘ ]

DATA ((FLIST(1a0)e131,39) 4JB4,6)/14,TEwNS¢,02324,38542,13,6,6414,3
oZ“ioS’.QoﬁS.oSZ.060.067.|7Q.079.!84.oa9§5095.099.5010“.9108.0
111,50115,¢118,0120,5¢123,0125,4127,¢128,54129,84131,4132,4133,4»
133,90134,70135,5¢136,30137,0137,6¢138,2414,7E~064,0057¢,1544+1,23
04 ,80)24002203033:1004,055, 065407440810 08700930997,44101,0105,0111,
0116.'120.0125.0126.50132.50135;50ISS.SQIGI.OIQQ,olhb.oléa,olso.o
152;0154.n155.50157;0155.0159.50160;50161.5020.38w070;00150;070
.7693‘5‘0010.2020.9932|60’45.058.obﬁu978.085.097.0103.0105-011200
1!&..12“,0129.0134.0138,5'162.59146;o150.0153.9156.0158.50161.v
163,0165,0167,0369¢0170,50172,0173,5¢1174,5017649177,/

DATA ((FLIST(I14J)e121439)4J2749)/29¢2Em089200047440320047024628470
19;3032.2046.961.072,083.094.0103.011140117.0122.0128.0134;3140.0
145;.150..154.0153.'162.0166.!169.0172.0175.0178.0181.0183.0185Q0
187;-169.0191.0193.9194.0195;936.3E~09..000140.0152.,286.2.297.5.
18c3032;9“00063o076.oBB.clOOqolqu0119.0128n0136q0143-0150opl56.o
152,.‘67.'172.'117'.151.’185,.186;.192..195..196..200..203.‘205.'
207,0209,0211,0212,0213,¢215,159,E=109,0000454+,00754,175¢1,7246.5
01609032,80464064,079209300105,0116,0127,913744145,4¢152,4160,1
168;.17“.0160.0165.0190.0195.n199.0202.0206§0209.0212§|215.0217.o
220;.222;.224..225.5.227.1.228.6.230./

1F (Y.,LTaYL(39)) GO YO }

K = 38

60 YO 2

IF (Y.6T.YL(1)) GO YO 3

K =1

KKk = 2

60 10 9

DO 4 131439

IF (Y LE,YLt])) GO YO 5

CONTINUE

1 3 39
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v o - o

10
11
12
13

14

15

16
17

18
19

20

21

22

23

24
25

1 2 la}

IF (1.LE+37) GO Y0 6
K = lel

GO T0 7

1F (1,6E,2) GO TO &
K =}

KK = 3

G0 Y0 9

K 2 le}

KK = 4

IF (Z.LT42L(9)) 60 YO 10

L =8
G0 70 11

IF (Z,67,ZL (1)) 6O TO 12

L =1

LL = 2

60 T0 19

DO 19 1=1.9

1F (2.LE,ZL (1)) GO YO 14

CONTINUE

{89

! = le}

IF (1.6T7,7) GO Y10 15
1F ((Iwl)w]) 16418018
L = e}

60 10 17

L =1

LL = 3

60 70 19

L = 1wl

LL = 4

J1 =1

J3 5 LL*L=})

J2 s L

X =Y

N = KK

1 =1

KA = KoKKe}

DO 20 1AsK.KA
XLIST(1) = YL(TA)

! = fe)

I 2 el

KB = 0

60 10 22

KB = KBe}
FFLIST(KB) =3 DUMMY
1 =21

DO 23 1A = KeKA
FLIS(I) = FLIST(1AWJ2)
1 8 le}

! 2 lel

J2 = J2e)

IF (J2eJ3) 24424425
ASSIGN 21 TO MAIN
60 Y0 30

ASSIGN 26 YO MAIN
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GO0 YO 30
26 KB = KB}
FFLIST(KB) = DUMMY
N = KB
X =72
! s}
DO 27 KC=LJ3
XLISTY(I) = ZL (KC)
27 1 = 1)
DO 28 I=1.KB
28 FLIS(1) = FFLIST(I)
ASSIGN 29 YO MAIN
60 YO 30
29 PROCOM = 0,012DUMMY
RETURN
30 IF (XeXLISTIN)) 32431,31
31 1 3 Nel
G0 10 37
32 IF (X«XLIST(1)) 33.33.34
331 =1
GO YO 37
34 DO 35 131N
IF (XeXLIST(1)) 36436435
35 CONTINUE
1 =N
36 1 = le] :
37 DUMMY = BLIF(XeXLISTLI) oXLIST(T+1)FLIS(I)WFLIS(I*1))
60 TO MAIN.(26421,29)
1,5%(A%#,333333)
1,44242/R
A®1,6742E=247(A*),)
SQRY(2,#84B#],460206E~06)
1,05443E=14/C
C/SQRT(Y)
1.2R/7(Y®(R*T))
PROCOM = ,031416uDa(ReT)S(R+T)
RETURN
END

300

D4 OWMID® DO
HMUKNUN
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10
15

20
a5

. Rl

902

28
901
30

SUBROUTINE RESINT(Es6eGAMGoGAMNIGAMF 4R 1)
DIMENSTON 17(eD)s 1AL20)e DEN(Z20)s SPOT(20) +BXx(12)
COMMON /R/ [SORs 17 1As DFNe SPOT, Re TEMP
COMUON /CP/ 1C4LEAF 4RX
GAM = GAMG « GAMi + GAMF

SIGO = 2.62L+06#506AMN/ (EVGAM)
BIGP = 0,
DO 2 J=)+1S0OR
BIGP = BIGP + DE(J)®SPOT (J)
NUM 2 1, * ZooROUIGP
DUM = 2.9R#STIGNRUEN(TY ZUUM

IF (DUMaGTals) GO TO 4

1AM = 700
60 7O ¢
GAMPR = GAMOSQRT (UUM=1,)

AMAX = 4,%E/GAMPR

1AM = BMAX

SIGM = 1o/ (2.%R#NEN(T)Y)

No 10 J=1s1SOR

IF (1A(J).GTW1AaM) GO TO 10

SIGM = SIGM + NEN(JI&SPOT(JI/ZDEN(D)
CONTINUE

IF (TA(L)e]1AM) 204 204 1H

RETA = SIGM/SIGO
GO 10 25

RETA = SIGMUGAM/ (STGO®GAMG)

Az IA(D)

X1 beﬂsQRT(A/(J.91#8&-04“E0(TFMP+459,69}))
SIGONGAMLOBETA®A (XTI RETA)/E c
CALL SSWTCH(3,415)

CALL SSWTCH(2,418¢2)

IF (1S?2eNEel) O TO 28

IC = 1c+3

CALL PAGF

WRITE (64902) EoGGAMGLLAMNSGAMF 4SIGORIGHSTGMBETAXI
FORMAT(/3H L= 'El? 543H GZ9F12,516H GAMGZeF12,5¢0H GAMNZIEL24546H 6
1AMFz4E124576H S1G0=41PEL12.596H R!GP-.FIZ.Sst SIGMuE12+5+6H BETAS
249E12+544H XI=4FE12,.5)

IF (ISNEs1) GO 10 30

I1C = 1C+2

CALL PAGLF : R
WRITE (6e901) E, 11(1).1A(I).RI

FORMAT (/5H THE +F8.3429H EV RESONANCF INTEGRAL FOR 2241343H A3,13,
144 IS +1PE14eT46-4 BARNS )
RETURN

END
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%QBQOQYIN! REVLIB(2eAsINeSIG)
IMENSION S1G(43)

RETURN

END
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15

14

11
10

12

SUBROQUTINE RLIB(J3eZsAsGAM)
DIMENSION GAM(Z21)+X(252)

IF (A NE,999,) GO TO 13

READ (10) (X(M)sM=]4252)

RETURN

J5 =3 1 '

1F (X(1),6T4(Z*,05)) GO YO 5

IF (X(232)LT,(Z=y05)) GO Y0 5

IF (ABS(X(1)=2),6T4(,05)) 6O TO 3
IF (X(2),GE,.500,) GO YO 2

IF (A,GE4500s) GO TO 12

GO TO &

IF (AgLT4(X(2)*500,0%)) 60 7O 5
GO TO 6

IF (ABS(X(232)=7)+GTe (05} GO TO 6
IF (X(233),6t,500s) GO YO &

IF (AsGT,(X(233)+,05)) GO 10 5

GO YO 6

IF (A,67,(X(233)»499,95)) GO TO 5
GO TO 6

DO 7 1314232421

IF (ABS(X(1)*2),GT,(,05)) GO TO 7
IF (ABS(X(I+1)=A)sLTs(«05)) GO YO 8
CONTINUE

GAM(2) = 999,

RETURN

IFCJINELZ) GO TO 15

Jis

IF (ABS(X(I*3)®2,)4LT,(40%) GO TO 10
IF (1,EQ,232) GO TO 11

1 3 [e21

DO 9 J = 1e21

K 8 1eJ

GAM(J) B X(K=1)

RETURN

IF (Z,LE,(X(1)e,5)) GO TO 14

IF (J5.EQe2) J5 3 3

GO 70 11

IF (ABS(Z=X(1)),LT4(4s05)) 6O TO 10
IF (ABS(Z=X(1)),LE,30,) GO TO 10
REWIND 10

READ (10) (X(M)eM2]1.252)

G0 70 1

BACKSPACE 10

BACKSPACE 10

IF (J5.EQed) JS5 = 2

1F (J5.EQe3) GO TO 7

60 70 11

IF ((A=500,)¢LT,(Xt2)=¢5)) GO TO 5
GO Y0 6

END
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Wnuon «NOANG oL 1)
C THIS SUBROUTINE SETS UP THE ANGLES.WEIGHTS,AND K MATRIX FOR SHIELD

COMMON /SH/AAKAMU/ZL/ZAL
COMMON /CP/ I1CLEAF
DIMENSION A(lO’olK(lOle’oAHU(lO)vAL(‘O,
N ® NOANG/2
IF (L1) 141591
C LEGENDRE=GAUSS QUADRATUR!

1 60 TO (2030405¢6) N’

2 A(1l) = AL(2))
A(2) = AL(2))
AMUC(L) = AL())

- AMU(2) = =AL(D)
60 10 7

3 At)l) B AL(22)
A(2) = AL(2Y)
A(S) = AL(2Y)
Atd) = ALL22)

AMU(Y) = AL(2)
AMU(2) = AL(Y)
AMU(S) = =AL(Y)
AMU(4) = =AL(2)
6o Y0 7

4 DO 8] 131+
Al1) = AL(1+23)
AMULTI)Y & AL (1))
A(led) = A(D)

81 AMULT«3) = =AMU(])
60 T0 7

S DO 82 laleb
Al]) = AL(126)
AMULTL) = AL (1¢6)
A(led) = A(])

82 AMU(I<e4) = =AMU(D)
GO T0 7

6 DO 83 I=x1.8%
A(1) = AL(]1+30)
AMU(I) & AL(110)
A(l1+5) = A(D)

83 AMULL+5) & «AMU(])
7 IF (IGEON) 801048
8 DO 9 Jm1,NOANG

DO 9 I=)1,NOANG
9 AK(leJ) = 0,
RETURN
10 N1 s NOANGel
ANQANG = NOANG
00 13 Js1.NOANG
AMUJ = AMULJ)
U 8 =)
DO 13 I=1.1V
AMUL = AMU(])
IF (1eJ) 11012411
11 AK(Jel) = 0.B0ANOANGRANOANGOA (1) aPOLY(NLAMUJ) aPOLY (NI AMUL) 7 (AMUJ
1 eAMUL)
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12
13

14

6o T0 13

AK(Jel) 3 AMUJ

CONTINUE

DO 14 1=24NOANG

JU 8 Je)

DO 14 J=1.JU

AK(Jel) = «A(I)OAK(I0J)/A())
RETURN

C LOBATYO QUADRATURE

1%
16

901

17

18

84
19
20

902

21

GO TO (16+17¢18416416) N

CALL PAGE

WRITE (64901)

FORMAY ( 33HOLOBATTO QUADRATURE NOT PERMITTED / 4OMOLEGENDRE=GAUSS
1 QUADRATURE wWiLL BE USED )

GO T0 1

AlYl) = AL(36)

A(2) = AL(AT

A(Y) = AL(36)

Al4) = AL

AMULCLL1) = AL(16)

AMU(2) =2 ALUITY

AMULLY) = «AMULY)

AMU(4) = =AMU(2)

60 TO 19

DO 84 13142

A(Y) 3 AL(T«3T)

AMU(I)Y = AL(Ie1T)

A(l+d) s ALD)

AMU(1e3) = «AMU(D])

IF (1GEON) 21,20621

CALL PAGE

WRITE (44902)

FORMAT ( SSHOSPHMERICAL GEOMETRY NOY PERMITTED IN LOBATYO QUADRATUR
1€ 7 4OMOLEGENDRE=GAUSS QUADRATURE WILL BE USED )
60 10 1

RETURN

END
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SUBROUTIME SHYFL"™ (NCEG¢NCRFOIFLXINGFLX421SN)
C THIS SUBRCUTINE ~2unLES FEUTRON SELF«SHIFLDIMG
COUMMCK /785447 LK eatil
COMMON 2P/ YOG LFAFHX
CUUDIMEMSTON FUXTN(CI) oFLX(F6A) o SLTY0T) s AFLXT1I0041N) oSRS{10N610) 0
LOXCZ0) aNTAT (20 o SIGS(Z0) aSTGT (20 aSIGSLIZU)Y aX (101 «AL1N)«RUM(1I0)
RAKCICWID) o810 o EFLXCANGY o ANTMTI2C) oKX (12)
REAL (545Nn1) 1P3.x0alGFCH o 1NUTaMOANG
90) FCRMAT (2F12.s44312)
LITE = 2
CALL SLITE()
IF (MOANG=20) 24741
NCANG = YAANE = 7))
Ll
GO
L1 1
1C Sk
CAaLL FAGF
WRITE (54302)
902 FORMAT(/32M nAP SFLF=SHIELDING CALCULATION /)
CALL SETUPIIGERSMWNNANGLLY)
DO 4 x=141"¢C
4 SLNIXKY = 9.,
NO L10C 15k = 1.4NTAG
TF (LITE,f 2.2 SALL SLITE(LL)
IF (LITEWNELG?Y  TaLbk SLITFCO)
TC 5 K=1.1NnJ
Ne % J=l,s17 o i o
TTTTOAFLX (kA JY = N, T ’ '
5 SRS(KelJ) = Ja :
IF (IGR=3) 1146411
6 REAL (5e903) (SIZSCI)eS1I6TCI)oSTOSLUIIalX(T)eNINT(]) 4121 4NOREG)
903 FORMAT (4E1:.4417)
DO 7 K=14171 S 7 o
TUOTTTTTRIXR) 2 0, ' ’
Xt1) = X9
Ji = 1
CO 10 J1s1440RFG
J2 = U3 ¢ NIMTUGYY = ]
no 9 Je= 3400
G T T4 L) T ARSI UIA) )LD ()L
IF (J4=J3) 9479
8 X(J4+l) = =Xl gas+l)
9 CONTINGE
10 J3 = J3 « MINT(JD)
MAXPT = )3 S
e ANG N ANG /D e e e e -
IF (IGR=1) 11492411
Il READ (542304) (SIBSII)SIGTIT)4SIBSL(T) 4Ix1+NOREG)
904 FORMAY (3E17au)
92 1F (NISD.NF.D) 530 T0O 12
13 DO 14 Jm1l,.JANS L
TR CAFLXTIWTY B OALSGFLXIN(IGRY O T T
GO 10 17
12 REAL (549N05) (AFLX(leJ)ed3)s5)

]

.
(%}

03

"~

,
W ra
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905 FORMAT (ReE1se4)
15 D0 16 izsYéJaNs
16 AFLX(14J) = AFL X () oaJIRFLXINCIGR)
17 IF (1GUT=l) 26417418
18 42 = |
T IC =10 b
1F (IGR.“YEai) 17 = »8
CALL PAGE
WRITE (642N 157
906 FORMAT (/30X A~ GIDUP14//60ae2TH MACROSCOPTC CROSS SFCTINNS/10Xs
LI1H MESH PAI'T 44 ebH X(CM)e4XeTH REGTON+9X911H SCATTFRING.13X 6K
Z0TAL 19X 4134 SLONING DOWN ) C '
NO 2% KstaMaxerT
1C = 1C +
CALL PAGT
IF (X(K)Y)Y 21427422
21 AX = X(K)
CTTCCAY & A5 (6X)
WRITE (0a908) (o’ XeJ2951650J2)4SI6TLJ2)SIBSLIYR)
90R FORMET (15X a194F12¢5e¢l796Xa019.,645X0F19e641X4E1946)
JZ = J2 « 1}
GG 1IN 753
272 J3 = 42 - 1
T2hH AX X (K}
AX ARS(AX)
WRITE (B43N9) (4 Ked3
909 FORMAT (15Y,154F12.5,I7)
2% CONTIMUE
IC = JC+Jarip+
CALL PAGF
WRITE (64910} 107
910 FORMAT (/50X THE ANOGULAR #LUX INCINEMT FROM THFE LEFT IN GROUPLA,
13H 15 7 19Xe3H el 7xe5H FLUX )
NO 150 J2=),.tANG
150 WRITE (6+9N07) ami(J2)sAFLX(L1ed2)
TGO T FORMBT (INXaF 1349 94XeF15.8) B
26 IF (IGFON) GR 427435
27 DO 29 Ks]4MAXPT
IF (X(K)) 274204729
28 WRITE (£4511) K
911 FORMAT (1lpHy ¢35 STOP ale]3410H ) Is 7tRC )
Sl ergp dedum T 29 AR
29 CONTINIE
8% ELFLX = D.N
ITER®Q

[14

THIS STARTS THF FLUX ITERATIONS

30 Jesl
' ITEREITER !
c THIS LO0P SETS U3 THE SOUREE TERM AT ¢ACH POINY
DO 3% Ksi14MmAx?)
DUM=(,
. _.,.,.-....-.“...,_no--s‘r‘-.«jn_i_NOAqG.A PP .. e e e e e i 4+ ————— e At —
31 DUM B gMe (Do a0 ST3SII2)I0A (I HAFLX (K ))
DO 33 J=14NOMG

e XsXs
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—— —— e

32
33

60
34
35

RUM(J) =0

B0 32 L=leunN.713 '
BUM(J)Y = 3040 )y = tar (Sal)#AFLM (KoL) ZAAS (X (K)))
SRS(F o)) = SL () +N{A(S)+00M

IF (Ka) ANy a”

IF (X (7)) Ras28475 o T T
J2 = u7+}

CONTINJE

THIS LNOP FO* 1785 ANLULAR FLux TN FORWARL GIRECTINN
O 37 I1=2)4JatNs

J2 s 0

CUKUTE MAILATe)

36

507
37

DO 37 K=zYeKl)

1F (x(""l)) ‘:”105»’)755(‘)7

J2 = J’t

SIG = FX? (e (12V2KINAT(J2) 7aM)(I))

WOS (AMI{ Y81, w8t 5) ) 2 (DA 288 16T(J2))

WOS (WD=B15) /75157 042) ' '

Wl = (/)a=SI) /85T (U2)Y)=un

AFLX K=Y )=S0 R LXK g +W0PGRS(KeJ) +WISRS(K+]14))
CONTINUF

THIS LND> 73 77§ AMGULAN FLyX 1N BAGKWART NIREFTION
JL 3 JAiNje]

TR 397 0= )L e N o o o

38

509
39
C

40
41
C

KM 2 MAXPTY -

J2 = NUREH

SIG = EXP (=X (2YRSTIOGT(J2) 7AMCI))

WOS (LA UL 01amd R) Z(DXLI2)8SI6TIIL) 1) =8IR)/S8T6T(U2)
Wl = (11.=-ST™) /3157 (012))ma)

NO 39 K=1,4x}

~
- N\

KN = (nx?7 = .
MK = MIRDT = <
IF (N(hM)Y) 3R45034509

J2 = J=1

SIG = FXP (= ;X (4228516 T(J2)Y M0 UIY))

N

TWOSRATATUINI #01,=SI6) Z(NX(I2)8SICGT (J2) YV =STRI7/STGCT(J2Y

WL @ ((1,=ST08)/315T(JE)) =)

AFLA(MY o)) = (FFLX(KMaJ)=WN®SRE (MK J)=W1aSRS{KN.J)) /516
CONTYNUE

OBTALYN THF [MTFGRATEN FLUX AT FACH PGINT
NO 4! K=layAxeT
TpUMTE o,

DO 40  Jsleilans

DUM = TUM*AFLx (Ko JIBALY)

BFLX(K)Y = DU

CONVERGE JN FL.UX AT LAST POINT

CALL SSWTCH({l4KH)

et F TKEYNTLI) 3D TN a5 e e e i e e e e e,

a5
43

C
c

IF (ITER.HBFA) 7D TO 44
DUM = BFLXATAAXPT)

ERR = &BS (il 1=FELFLAY/NUM)
IF (ERR«FNB) Glig"r Y en3
FLFLX = ngv

e o ' e+ e e e e o e e e

THIS COMPLFTFES ITERATINNS ON FLUX==NEXT COMPUTF SLNWING NOWN SOURCE
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44 SLD(1) = STLSLCL)Y@RFLX (LY
J2 = | :
D0 4f€ K=?24Muan]
SLDCK) = STLS (U2) S FLXAK)
I 2 6 S D R Y )
45 J2 = 42+
46 CONTIN.IE
(o NOW PRINTY "UY T+4F FLGX
IF (T0UTw3) AP,4T7 441
47 IC = 4us
" CALL P3GF oo T
WRITE (64912) T1TE410R,1GBR
912 FORMAY {Z0aellkl THERE WFRE9I5420K ITERATIONS IN
1 GRCUPSIS/?UXe)0+ Trk GROUP<ILLIEH AMNBULAR FLUX T35)
IF (NOANR=B) A ahnge54
48 IC = 1€ « 1
T UTCALL T PALE
WRITE (B52913) (a4 "J(0) e JdB1 ¢ NOANG)
913 FORMAY (&Xa)lhwt PDINT A(CM) +BXeB (8 Mt =9F114843X))
49 DO SO K314 XPY
1C = 1C + 1
CALL PAGE
50 WRITE TEVIT4) (oY (K)o LAFLA(KoJ) ¢ 51 «NTANG)
9l4 FORMATI(AXelaelPEL49s645E19,.0)
GO TN &2
54 1C = 1C ¢
CALL PARE
WRITE (8,91734) (L' U(J) e 214 JANG)
8% DO 56 KETYMAXRT T
1C = 1C + 1
CALL PAGE
56 WRITE (64914) CoX (K)o (AFLA(K9J) v J=1a JiNG)
' 1IC = 1C + 1
CALL PAGE
T g RTITE TUEZR13Y (ATULIY o JRIL JNTANGY
DO 61 Kz 1emAxPT
1C = 1C « 1
CALL PAGE
61 WRITE (£.314) Cg% (K)o (AFLX{Kod)Y e dzsJL ¢ ¥OARD)
62 1IF (IOUT-?‘ Leob2463
e SN ' . e e e e e -
CALL PAGE
WRITE (6.915) 1GR
915 FORMAT (20X+1Nn4 THE GROUP 154 GH FLUX IS )
WRITE (B4516)
91e FORMAY (20%X41h+ POINKT Y {(CM) )
T OO TRE TR EY G MAXPTY oo
1IC = IC « 1
CALL PAGF
AXP = ARS(X(K))
64 WRITE (£4917) K41 +B3FLX(K)
917 FORMATY (?OX.IK 1°C14.b 0PE20

T - _—
c CONPUTF AVFRAGE FLUX IN FACH REGICN
e -
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68 FLX(rP) = Dovz2uINT(U2)
' IF (LITELFN. 7 1Y = 1
IF (LITELNFL2)Y L1T = 2

66 J1 = |}
DO &8 I12=z1.4..7RF5
DUM & =D,88¢F XL L)
J3 = glenIMTOUD)
DC 67 ¥=114J3

8T TuM = U« BFLX(K)

PUM = DyuM = Brix(j3Y40,.5
J1 = 43

KP = 16GReMILTH(J7w])
ANINTCJ2Y = 14Tt ,2)

LITE = LY
100 CONTINUIE

PRINT OUT AvFe4alT FLoX I FoCh REGICH

IF (10" T<1Y 70a6 069
89 I1C = 5Hf

CALL PAGF

WRITE (64913)

918 FORMAT (20X 4264 THE AVFREGE FLUX IN EACH RFGION 'S //20Xe6H GROUP,

1 10Xy 7H REGTONG10Xe]3H AVERAGE FLUX )

DO 11 Jeu=loanDRFO
TTO0TTY IGR=14MORG

J&h s (L2=1) e kG e[Gh

1IC = IC » )

CALL PAGE

WRITE (£5910) 1674J2.,FLX(U4)
916 FORMAY (P0XxeTltellXelfaFlT,.R
"71 CONTINUE

72 RETURN
END
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SUARALTINE XL TN (7949198164 LKEYS1SC)

TIMENCSTION SIG(43)s X(250)
TF (ALNFL999,) GO TC 1

~READ (8) . (XAM) 44214259) . ) .
RET'ON P

TINITIALTZF STARING OF XLIR IN CORE

cYART SCARCH HERFo J5 USEN 1O PHEVFNT REPEATED SEAQCHES
£l Y

e Y LK EY L0380 L0 A 2

— e YF (AGY (X1202)2.05)). 60 .10.9

S S - RV et o o+ et e o £ - = seme

TF (1kFy, FQ.a) AFKSPAC‘ 1
J5 1

NT e

N4 = 2

1F (LKEYLEQ.Y) HNTI=]

i u

J IF (Y(1).GTa(2+.7%)) GO TO 9

1P (X (201) LT, (Z=s08)) 6O TD 9.

1H 2 PALLPARK
1F (ARSIX(1)m7),.3T.0e0R) GO TO 4.
TF (8,LT,(X(2)=,9%)) GN YO 9

1F (Fl LT.(X(4)=,0%)) GO TO 9
IF (FYa6T.(X(2N4)+,05)) 6D TO 9

| G2 T 5

o PIN NOAN A
1F (ARS(X(201)=7)4"T7.0.,05) GO T0 5
1E (A LY, (X(202) 2el5))..60..70 .8

IF (F1,6T.(X(2J4)+,05)) GO TO 9
RIGHT A ANN TYPE RALLPARK

C1F (APS(X ()1 m7)45T.C.C%) GO TO &

TE O (AFS{X("+1)=0)HT,0.08) 60O 10 &

1 _(ALSIX{ e mF 1) olTe0al5). 60103

CROSS SECTIGN NOT PRESENT S - e s

C. ..
4
)
S N0 6 M214201459
6 COMTTINUE
DN o
IF (F1,6T7.99.) POTURN
- _.8In(1) = a9n9,
RETLIAN
c

(GRRECT C20SS . SECTION OATAINED

1F (F1.,67.99,) G IC 15

DO 8 JR1443

K = M+ ey

SSIGCY) = X(K) e U

1F (ARS(FJ=1.)sLT40,05) 6O YO 13
1F_ (APSI(Fl=11.1.17.0,05) GO Y0 14

: c
L"ww~~~meOuLE.iAESLX(1)!1).3T.40.3 GO Y0 12 e P

|

1F (Mo, En.ly 60D TO 1T

REYUBN

NRONG BALLPARK

C1E _(Z,LE.(X(1)=.5)) GO TO 10 L e

1F (18,E0.2) J5=3

60 In 12 —
WHICH WAY D0 WE GO

1F (ARS(7=X(1)),LT.C.05) 60 70 11
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IF (ABS(Z=X(1)).LT430,)

[EW]
60T

11 RACK

RACK

NI MY
nJ2
SELCF LT
Y YN ¢

e
T1F (
fQ T
Y o
13 Fl

READN

GO 10 11

10 Qe 1) J522
15,80 3)
{MTH
n A
SFARCH .L.Ca"&

6N TN €
(X () ez 1e280)

RESCNANCE PARILMETERS

50T
14 FI =
o a0 T
S 18.np )
JJ o=

E-

CALCULATE FESANANCE INTFERALS

A =) e
1+ &
b BN SRS S W

1F

=

GAMEG

~GAMN .

6 AMF

FatEa0hy)
Y(:iJdel)

= xtJJ)e2)
XL+ )
=X (JUvy)

n

— ] R Ot —_—

CALL FFSINT (F46435AMC

— B 1} =
K =

- - 8IfY
16 COMT

e & o U1V - ATPSR IS UM - ¥a ) & T8 By &

RET!
—— 17 wR'Y
90 FORM

FNN

- RETLN

RETUDRM

ALEGLLL0E+DI/E)
Ny + 745

k) = SI1G(X)
tAUE

N

E (64201

o i+ e iy o

- eGAMM 4 GAMF 4K T415M)

+« 2+%R1?

ZoAslaLKEYaISO0e(S1GEJ)aJds]ledd).

AT (/7/7Z2E20.,843112/79(5820.8/))

L=
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OO0

OO0

OO N0

SUBROUTINE XSCAL (ZeAsINeSIGLKy]ISO)

THIS SUBROUTINE COMPUTES CROSS SECTIONS

DIMENSION BX(12)+ELIM(43)y FELIM(G4A) s FLXIN(43)s NZ(10)e NA(10)
1 VFAC(10)+51G(43)s ENC10)y XSIG(10)

COMMON /CF/ NOBGe ELIMe FELIMs FLXINy NZo NAy VFAC, NONVy TFAC,
1 IFLXe IWT

COMMON /CP/ 1ICo LEAF, BX

COMMON /CX/ uPs QAs QNo BEPy BEAs BENy CPy CAy CNe APy AAg AN

SET ISOMERIC CROSS SECTIONS EQUAL TO ZERO
IF (INeLT25) GO TO 8
DO 5 21443
5 SIG(L) = 0,
RETURN

FIND NATURE OF TARGET NUCLEUS

IT = 1 MEANS EVEN Z EVEN N
S 2 MEANS ODD Z EVEN N
= 3 MEANS EVEN Z ODU N
= 4 MEANS NDDD 2 ODD N
8 12 =22
IA = A
N = JA=12

IF (MOD(N+2).,EQ,0) 60 TO 15
IF (MOD(1Z42),EQ.0) GO Y0 10
1T = 4
60 T0 25

10 1T = 3
60 Y0 25

15 IF (MOU(1Z42),EQ.0) GO TO 20
17T =
GO TO 25

20 Iv =

25 IF (INeGTel) GO TO 100

COMPUTE (NysGAMMA) CROSS SECTIONS

CUMPUTE LEVEL SPACING D
D 2 5,336=,045940A+,0001103¢#A04
D = 10,%aU
IF (17,EQe4) GO TO 30
IF (IT,EQsl) GO TO 35
60 TO 40
30 D = ,5@D
GO TO 40
35 D = 5,9p

COMPUTE STRENGTH FUNCTION F

40 F = .201.1¢A0(12,9Q-A°(.2559-A°(,002217~A°(8.696E~06-1.264E~08°

1l A D))
F = ,0001%F
IF (FoLTe0y) F & 1,E=05
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COMPUTE CAPTURE WIDYH GG
GG = 14802=28(,0T765=2%(,N01152=5,73E~06%Z))
IF (ZoLT4304) GG 3 401297%Z

CALCULATION ASSUMES G=,5
B = F#ll/GO
C = 1,31E+06%3,14160F
DO 45 1=1942
bu ALOG(FELIM(I)/FELIM(T*1))
XU SQRT(1,,/FELIM(I))
XL = SQRT(14/FELIM(I+}))
SIG(I) = CRA(XL=XU*BRALOG((B+XU)/ (B*XL))) /DU
IF (SIG(I)4LT40,) SIGII) = 0.
45 CONTINUE

THERMAL (N+GAMMA)
V = FLOAT(N)
IF (I1T.6Te1) 6O Y0 50
B =2 1520,-29.910V+,13998Vvey
IF (N.LE,132) B = ,1
IF (N,LE,122) B =6503,*13160Vmy640]10V0Y
1F (N,LE.GZ) R «104.9+3,1954Ve,022788V0Y
IF (NoLE(54) 3] =]17,92+,33830V
B
B

IF (N.LT,50) =34.61+2,3T14Y=«,030160yeV
IF (N,LE20) 1049 (3,8(05%Y=1,))
GO 10 65

50 IF (IT.GT&2 60 TO 55
B = -2624c*33.64°v-.09556°V°V
IF (N,LT,124) 2919,=23.TH%V
IF (N,LT,.,82) *8752+28,484Vme21T76%YOY
IF (NyLT¢50) *33,26+2,71564V=,042430V0Y
IF (NQLEQZU) q05“V'|79
IF (N.LE,10) 10,48 (=y46032%Y=,15873)
GO YO 65

55 IF (1T7+6T¢3) GO TO 60
B = 115441,-1647,49Vv+5,9388%yey

o kv e < e L o]
Hheuu

IF (N LL,133) B = 10,
IF (NoJLE 121) B = =30474¢%619.,86%V=3,024302V0Y
IF (Ny,LE.81) B = 148.5= 74649y
IF (N,LE,49) B = 18l.4=12,95%V+,2302%Vay
!F (N.L£.29) e = 100#9(39“(905“\1-1!),
GO TD 65
60 B = »2809304¢+37936,#V=127,T8VeY
IF (NoLE4139) B = 2376,=10,27%V
IF (NoLT,.81) B = =9897¢+317.78#V=2,43]18VY
IF (NJ.LE,51) B = 100,
IF (N,LT,21) B = 10,88 (2.,8%#(,19%V+1,))
65 IF (ByLTa0y) B = 0.

$16(43) = B

70 DO 75 [=1+42

75 SI1G(1)=SIG(I)+51G(43)9,318124#(1,/SQRTI(FELIM(I+]1))=1,/SQRT
1 (FELIM(I)))/ALOG(FELIM(I)/FELIM(I+1))
GO YO 200

COMPUTE Q VALUES AND BINDING ENERGIES
QP = TARGET Q VALUE FOR (NsP)
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OO0

(e RaXel

100 zP

105

AP
ZA
AA
ZN
AN
B =
QP
QA
QN
AB
BEP
BEA
BEN

ce
IF
IF
IF
CA
IF
IF
1F
CN
IF
1F
IF
AP
IF
AA
IF
AN

no
SIG
ENI
XS1
DE
no
XS1
ENI
Do

QA = TARGET Q VALUE FOR (N9sALPHA)
AN = TARGET Q VALUE FOR (Ns2N)

BEP NEUTRON BINUING ENERGY IN (NyP) RESIDUAL NUCLEUS
BEA
BEN

NEUTRON BINUING ENERGY IN TARGET NUCLEUS

=1,

A

-2,

A-S'

z

A=l ]
EXMAS(Z4A)

s 7822 + B « EXMAS(ZPAP)
5,6474 + B = EXMAS(ZAsAA)
B = EXMAS(ZNYAN) = 8,071
A"*".

T7¢289 + QP = B + EXMAS(IP+AN)
2:424 *+ QA =~ B + EXMAS(ZA,AR)
-QN

i au

COMPUTE LEVEL DENSITY PARAMETERS.

CP =2 C FOR (N+P) RESIDUAL NUCLEUS

CA C FOR (N+ALPHA) RESIDUAL NUCLEUS
CN C FUR TARGET NUCLEUS

SIMILARLY FOR AX

= 46441 = ,00544A

(A,GT,1154) CP = ,3459 = ,00013%A
(IT4EQel) CP = 2,.%CP

(ITeEQe4) Cp = ,24CP

2 46441 = ,0054%(A=2,)

(A,GT,411T7¢) CA 13459 = ,00013%(A=2,)
(IT2EQe2) CA 2.%CA

(1T.EQ.3) CA +2%CA

S ,644]1 = ,0054%
(Ag6T4115¢) CN

03459 = ,00013%A

N>

(I1T«EQe &) CN 20 %CN
(IT.EQe)) CN 1 29CN
= ,030A

(A, LE60,) AP
z ,03%(A=3,)
(AsLEe63¢) AA = L1825 = 40D330%(A=3,) + L0005#(A=3,4)8(A~3,)
= AP

w1825 = ,00330A + ,00052A0A

CALCULATE EPITHERMAL CROSS SECTIONS

120 I=1442

(1) = U,

1) = FELIM(I)Y®#1,E=06

G(l) = U,

2 (FELIM(I)=FELIM(I+1))/9,E+06
105 J=2.10

G(J) = 0o

J) = EN(J=1) = DUE

110 J=1.10
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s RaXegl

e NeXalRel

110
115

120

200

205
901

210
902

215
903

220

904
22%

905

230
906

240

400

EPSN = EN(JIOAZ(A+],)
XSIG(J) = SIGCAL(ZeA4EPSNIN)
DO 115 J=249

SIG(I) = SIGI(I) + XSIG(I

SIG(I) = (SIG(I) + 5#XSIG(1) + S59XSIG(10))/Z(FELIM(I)=FELIM(I*]1))
SIG(1) = SIGtI)al,t+06

CONTINUE

CALCULATE 2200 M/SEC CROSS SECTION

EPSN = 2025%3E«=06%A/(A+],)
SIG(43) = SIGCAL(ZsA+EPSNsIN)

PRINT OUT CROSS SECTIONS IF SSw2 UOWN
ADD TO LIBRARY IF LKEY = D

CALL SSWTLHI(Z,418)

IF (IS NEs1) GNn TO 240

1C = 1C+18

CALL PAGE

GO TO (2056 2104 2154 220)s 1IN

WRITE (64901

FORMAT(/38H CALCULATED (NsGAMMA) CROSS SECTIONS
GO YO 225

WRITE (6+902)

FORMAT (/334 CALCULATED (NeP) CROSS SECTIONS )

GO TO 225

WRITE (64903)

FORMAT(/38H CALCULATED (NsALPHA) CROSS SECTION

GO TO 225

WRITE (6+4904)

FORMAT(/34H CALCULATED (N+2N) CROSS SECTIONS )
R = 0,

ES = 0.

WRITE (6+90%) Lo Ae Ry ES

FORMAT(15Xe3H Z=¢F7,245H AS9FT7.295H R=S4FT,596H

DO 230 I=1413

J = [+15

K = 1+30

WRITE (6+4906) SIG(I)e SIGLJ)e SIGIK)
FORMAT(LTX e lPEL3¢6¢5XsEL130645X9E13:46)
WRITE (64906) SIG(l4)s SI16(29)

WRITE (6e906) SIG(L15)y SIGL30)

1F (LKeNEsD) 6Gn TO 400

CALL REVLIB(Z4A4IN9SIG)

RETURN

END
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s ¥g Nalg)

901

10

15
902

20

SUBROUTINE XSIN

THIS SUBROUTINE READS IN CROSS SECTIONS
NX 3 NO, OF CROSS SECTION SETS READ IN

DIMENSION Xx(250)

READ (54901) NX
FORMAT (16)

IF (NX.LE.O )} RETURN
REWIND 1

DO % 1=1+250

X(1) = 0.

1 =0

DO 15 J3l.NX

1 =2 1+}

IF (1.NE,6) GO TO 10
WRIYE (1) (X(M)eM=14250)
DO 8 K=1,250

X(K) = 0,

1 s}

K = S0#(l=])+]

L = K+49

READ (54902) (X (M) ¢M3K i)
CONTINUE

FORMAT (5(10E8.17))
DO 20 l=1+250

Xt1) = 0,

X(1) = 39,

X(2) = 999,

X(3) = 999,

WRITE (1) (X(M)oeM=1,4250)
END FILE 1}

REWIND 1

RETURN

END
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VITII. SAMPLE PROBLEM

This section presents input and output for a sample NAP
problem. This sample problem consists of a time-dependent
neutron flux incident upon the left face of a five centimeter
thick slab containing 0.00254 atoms of sodium per cm3. A ten
centimeter thick slab containing 0.00848 atoms of iron per cm3
lies behind the sodium-containing slab. An isotropic neutron
flux of 1014 neutrons per square centimeter per second is
incident upon the system for one hour. The neutron source is
then turned off for one hour, and then turned on for one more
hour at twice the original intensity. The total gamma ray dose
nine hours from the start of the first irradiation is calculated
100 centimeters from the rear of the iron-containing slab.

Input data are shown on the next page on a standard form
which is submitted to a key punch operator. The input was
punched exactly as shown. This particular sample problem is
illustrative only..The incident neutrons are treated in two
neutron energy groups, while the gamma rays produced from
neutron activation are divided into three energy groups. The
NAP neutron transport subroutine is used to compute the neutron
flux distribution in the two slabs. Output data are shown on
the following pages. Gamma ray source strengths, dose rates,
and dose are tabulated, vThis sample problem took approximately
1.5 minutes of operating time on an IBM 7094.
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